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ABSTRACT 

 

 

A GIS-INFORMED DESIGNED LANDSCAPE PATTERN TO INCREASE URBAN 
FOOD SECURITY AND OPTIMIZE ECOLOGICAL INTEGRITY IN OTTAWA, CANADA. 

 

 

Kira Burger       Advisor: 

University of Guelph, 2019     Dr. Robert Corry 

 

 

Proponents of urban food security predict that cities must become more self-reliant in 

food production. Current planning efforts lack landscape-level analyses to inform siting 

production in the urban matrix in configurations that optimize production and 

environmental quality. My research addresses the question: What landscape pattern of 

urban food production systems will increase food security while optimizing ecological 

integrity? Using GIS software, I identify 40.0% of urban lands in the City of Ottawa as 

having cultivation potential and assess the land’s capability and suitability to support 

food production and respond to ecological patterns. Results show how integration of 

spatial analyses can reconcile food production and ecological integrity goals with 14 

diverse production typologies arranged in a context-sensitive designed landscape 

pattern. This research identifies opportunities and constraints to achieving urban food 

security and optimum ecological integrity, and provides evidence for how landscape 

design can improve wellbeing and sustainability in cities. 

Keywords: urban agriculture, food systems, urban ecology, geographic information 

systems, sustainable cities, landscape capability-suitability analysis 
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1 Introduction 

This thesis is inspired by the question: 

If cities wanted to grow as much food as possible in an urban area, in as 

environmentally and ecologically sensitive a way possible, where and how would they 

do it? 

 The acceleration of global phenomena, such as population growth, urbanization, 

climate change, habitat loss and environmental degradation, present pressing 

challenges to achieving food security and stewarding ecological integrity, particularly in 

urban areas. 

1.1 Urban Food Security 

 The Food and Agriculture organization of the United Nations describes food 

security as existing when “…all people, at all times, have physical and economic access 

to safe and nutritious food that meets their dietary needs and food preferences for an 

active and healthy life” (Napoli et al., 2011, p. 20). While regional and household food 

security are influenced by numerous factors (Caswell & Yaktine, 2013; Clark & 

Nicholas, 2013), a factor of key importance to cities is the stability of the food supply. 

Cities rely heavily on food imported from distant locations (Forman, 2014; Whiston-

Spirn, 1984). In the event of a reduction or interruption to the imported food supply, be it 

for political, environmental or economic reasons, cities could quickly experience food 

shortages (Cockrall-King, 2012).  
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 The stability of the urban food supply may become more tenuous in the future, 

given the challenges anticipated by the Intergovernmental Panel on Climate Change 

(2018), including mounting strains on the global food system, and an imperative to 

drastically reduce global dependence on fossil fuels, including those used for 

agricultural production, processing, and transport. 

1.2 Ecological Integrity 

 Ecological integrity refers to a condition where ecosystems support the natural 

biodiversity of the region, and sustain intact, natural ecological processes (Daigle & 

Havinga, 2000; Parks Canada, 2018). Ecological health is a prerequisite for ecological 

integrity and refers to “…an ecosystem’s ability to thrive even in the absence of some of 

its parts by maintaining a measure of its optimal functioning and inherent ecological 

processes” (Daigle & Havinga, 2000, p. 31). Attributes of ecosystem health and integrity 

include minimal nutrient and soil losses, contaminant-free air, water and soils, 

indigenous species communities whose structure and function are characteristic of the 

region’s biodiversity, and spatial connectivity between habitats (Daigle & Havinga, 

2000).  

 Both urban areas, and the industrial food systems on which they largely depend, 

present many challenges to ecological integrity. Both are associated with negative 

environmental and ecological outcomes, including encroachment on and destruction of 

natural environments and habitat, landscape fragmentation, biodiversity loss, altered 

hydrological cycles, soil degradation, the introduction of contaminants into the 
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environment, and high fuel and water use (Beck, 2013; Clark & Nicholas, 2013; Forman, 

2014; Salbitano et al., 2016; Sinclair-Walters et al., 2012; Whiston-Spirn, 1984).  

 As ecosystems and ecological processes are important to sustaining the natural 

resources and services that humans depend on, it is in humanity’s best interest to 

steward their integrity. Additional investigation is needed to identify how cities can 

enhance their food security while optimizing ecological integrity. A solution may lie in an 

integration of concepts from the fields of urban agriculture, urban ecology, and 

landscape ecology. 

1.3 Urban Agriculture 

 Urban agriculture (UA), described as the production, processing and distribution 

of food goods in cities and towns, is often promoted as an important strategy to combat 

urban food insecurity (Ackerman et al., 2014; Clark & Nicholas, 2013; CoDyre et al., 

2015; Lin et al., 2015; Sinclair-Waters et al. 2012). However, as it is currently practiced 

in most North American cities, UA contributes very little to the total urban food supply 

(Corbould, 2013). In the North American context, UA is primarily a leisure activity that is 

manifested in community, allotment, and backyard gardens (Corbould, 2013; Opitz et 

al., 2016). 

 Nevertheless, there is much optimism for urban agriculture’s potential. This 

optimism is due in part to examples out of the developing world, where UA plays a 

greater role in urban sustenance provisioning (Lovell, 2010). The optimism is also due 

to historical examples where UA has been an important source of food provisions in 
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times of crisis and scarcity, such as in North America and Europe during World War II, 

and in Cuba following the collapse of their primary trading partner, the Soviet Union 

(CoDyre et al., 2015; Crawford, 2003; Gonzalez, 2003). 

 Despite the optimism, current planning efforts to expand urban agriculture pay 

little attention to addressing its provisioning potential, or to its ecological implications. In 

reviewing initiatives to expand urban agriculture in various North American cities, a 

common pattern emerges of opportunistic planning efforts that seek primarily to connect 

interested growers with information, resources and available land (Lovell, 2010; 

Napawan, 2016; Just Food, 2015; Sinclair-Waters et al., 2012).  

 Failing to plan for urban agriculture’s provisioning potential could result in an 

expansion of the current status quo for most North American UA: annual vegetables 

and herbs grown in backyard, community and allotment gardens. While this would 

expand total production, it would not ensure an expanded local supply of other foods 

important for a healthy diet, such as grains, seeds, pulses, and protein foods (Health 

Canada, 2019).  Conversely, planning for UA’s provisioning potential could include the 

identification of urban lands best suited to producing these diverse crops, and 

incentivization for their production. Such an approach could ensure both expanded and 

diversified urban agricultural production, resulting in greater urban self-sufficiency in a 

range of foods needed for a balanced, healthy diet. 

 Failing to plan for urban agriculture’s ecological impacts could result in diverse 

UA production systems distributed in inopportune ways across the urban landscape, 
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which could diminish UA’s positive ecological outcomes and amplify its negative ones. 

When the scale and type of production is matched to the suitability of the landscape, UA 

production systems that are associated with negative ecological outcomes, such as high 

water use, soil erosion, reduced air quality, and the introduction of pests, pathogens, 

chemicals, and excess nutrients (Forman 2014; Lin et al., 2015), could be sited in areas 

better suited to withstanding the negative impacts. Likewise, UA production systems 

that are associated with positive ecological outcomes, such as the provision of wildlife 

habitat, support for urban biodiversity, mitigation of the urban heat island effect, 

enhanced water retention in soils, and carbon storage (Forman 2014; Lin et al., 2015), 

could be sited in areas where these positive outcomes could be more impactful and/or 

fully realized. The interdisciplinary fields of Landscape Ecology and Urban Ecology offer 

a promising framework for such a planning initiative. 

1.4 Landscape Ecology & Urban Ecology 

 Landscape ecology theory posits that the spatial pattern of land use placement 

within the larger landscape has important ecological implications (Forman, 1995). 

Landscapes can be viewed as heterogenous mosaics. Materials, energy, and species 

are distributed in, and move around and through these mosaics, in predictable ways 

(Dramstad et al., 1996). Landscape ecology is concerned with understanding how these 

patterns of movement, distribution and change are linked to the scale, configuration and 

composition of landscape patches within the mosaic (Forman, 1995). Landscape 

ecology can be applied to plan landscapes that accommodate for human needs and 

desires while optimizing ecological integrity (Dramstad et al., 1996). Some key concepts 
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in the application of landscape ecology include optimizing ecosystem size, shape, and 

connectivity in the landscape, and buffering from adjacent land uses. Landscape 

ecology principles apply to all types of landscapes, including urban and agricultural 

ones (Dramstad et al., 1996).  

 Urban ecology, like traditional natural area ecology, is concerned with the 

interactions of living organisms with their physical environment. Urban ecology 

recognizes urban areas as a unique physical and biotic environment where humans, 

human activity, and built structures are concentrated, distinct from those studied in 

traditional natural area ecology, and with distinct ecological interactions (Forman, 2014; 

2016). This distinction is confirmed by a growing body of research, which has 

documented cases where similar ecological interactions result in distinct outcomes in 

urban versus natural area environments (Alberti & Marzluff, 2004; Forman, 2016; 

Pickett et al., 2008). These findings confirm the legitimacy of urban ecology as its own 

discipline, separate from its sister disciplines within natural area ecology, such as 

wetland or forest ecology. More context-specific research is needed to contribute to our 

understanding of this young discipline. 

 Landscape ecology and urban ecology can provide useful frameworks for 

planning the spatial pattern of agricultural activities within an urban matrix for a number 

of reasons. Urban ecology theory suggests that the scale, character and organism-

environment interactions in urban agricultural landscapes may differ from those 

observed in rural agricultural landscapes (Forman, 2014). Landscape ecology principles 
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suggests that the patterns of movement, distribution and change of materials, energy 

and species in a patch of urban agriculture land are distinct from those in other patches 

of urban land, for example: industrial areas, urban parks, or downtown shopping 

districts. Therefore, the pattern of urban agricultural site placement in the landscape will 

have ecological implications (Forman, 1995). Further, urban agricultural land is not a 

homogenous category. Urban agriculture can vary widely based on the plants, animals 

or fungi being produced, the site layout, and the management practices (Napawan, 

2016). For example, a watered and fertilized community garden with wide pathways and 

primarily herbaceous, annual, non-native vegetation will produce ecological interactions 

different from a densely-planted backyard food forest of primarily woody, native 

vegetation. Landscape and urban ecology principles can guide the placement of 

different kinds of urban agricultural activities throughout the urban matrix in a spatial 

pattern and configuration that supports ecological integrity.  

1.5 Research Question 

This thesis seeks to answer the question: 

What landscape pattern of urban food production systems will increase food security 

while optimizing ecological integrity?  

For the purpose of this research: 

Urban food production system refers to a means of producing edible plant, fungi or 

animal products in an outdoor environment, and using the soil in-situ. Urban food 
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production systems are differentiated based on the product(s) they produce, and the 

management practices used. 

Urban Food Security refers to having enough locally-produced food to provide for a 

healthy, balanced diet of grains, pulses, protein foods, fruits and vegetables, for the 

entire human population of a city. This thesis explores the potential of localized urban 

production to contribute to urban food security, and does not assume the availability of, 

or dependence on, imported staple crops. 

Ecological integrity refers to a condition where the ecosystems within a landscape 

support the natural biodiversity of the region; sustain intact, natural ecological 

processes; and are characterized by indigenous species communities whose structure 

and function are representative of the region’s biodiversity, spatial connectivity between 

habitats, contaminant-free air, water and soil, and minimal nutrient and soil losses. 
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2 Literature Review 

 In order the establish the theoretical basis for this thesis, the following literature 

review investigates the themes of Urban Agriculture, Landscape & Urban Ecology, and 

Landscape Analysis. 

2.1 Urban Agriculture 

2.1.1 What is Urban Agriculture? 

 Urban agriculture is described as “…the growing, processing, and distribution of 

food and nonfood plant and tree crops and the raising of livestock, directly for the urban 

market, both within and on the fringe of an urban area” (Mougeot, 2006, p.4). It is 

manifested in a broad diversity of sizes and forms, and can include everything from the 

cultivation of plants, trees and mushrooms to raising animals, for everything from food, 

medicine, fuel, fibre, fur, organic matter, and ornament (Lin et al., 2015; Lovell, 2010; 

Mougeot, 2006). Commonly referenced forms of urban agriculture are often 

distinguished based on land tenure, labour source, and intended consumer, and include 

community gardens, allotment gardens, urban farms, and home gardens (Corbould, 

2013; Viljoen, 2005).  

 Despite a rather broad definition of urban agriculture, its manifestation in Western 

cities tends to be dominated by the production of fresh herbs, fruit and vegetables. 

Staple crops, such as grains, are conspicuously absent. The predominance of fresh 

produce in urban agriculture is often attributed to the higher value and yields of these 

crops per area cultivated, and the market-access advantages of producing perishable 
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goods close to consumers (Opitz et al., 2016; Viljoen, 2005). Numerous authors have 

suggested that private residential gardens for personal consumption are the most 

prevalent form of urban agriculture in Western cities, and the most viable spaces for it to 

expand (Corbould, 2013; Viljoen, 2005). Across the urban matrix, urban agriculture 

trends toward a fine-grained patchwork of small-scale growing projects, varying widely 

in character and form, and rarely integrated within their landscape context (Viljoen, 

2005). 

 While urban agriculture is experiencing a resurgence in popularity, the practice is 

not new, nor limited to specific geographies. Historical examples of urban agriculture 

range from the kitchen gardens of the Middle Ages, to the terraced, productive 16th 

century cityscape of Machu Picchu, to more recent rises in response to crises, such as 

the Victory Gardens of World War II and widespread urban agriculture in Cuba following 

the collapse of the Soviet Union (CoDyre et al., 2015; Lovell, 2010; Opitz et al., 2016). 

2.1.2 Motivations for Urban Agriculture 

 Food security and economic motivators have, and continue to be, primary 

reasons for participating in urban agriculture. This is particularly true of the global south, 

where urban agriculture plays a much greater role in poverty alleviation and household 

food security than it does in the global north, where urban agriculture is often a leisure 

activity (Ackerman et al., 2014; Corbould, 2013). Increasingly, urban agriculture is being 

examined as a key strategy to ensure global food security in the face of rapid population 

growth and urbanization. Expanding urban agriculture could increase the total amount 
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of food available, and reduce the vulnerability of urban communities to disruptions to the 

imported food supply (Lovell, 2010).  

 Urban agriculture is also seen as conferring several social, public health, 

environmental sustainability, and ecological benefits. A large body of research from the 

global north has linked urban agriculture to positive outcomes for nutrition, mental 

health, physical activity, skill-building, and social cohesion (Huang & Drescher, 2015; 

Toronto Food Policy Council [TFPC], 2012). In terms of environmental sustainability, 

urban agriculture is seen as a way to reduce the amount of fossil fuel energy used to 

produce and distribute food, and to productively reuse organic wastes produced in 

urban areas (Viljoen, 2005). Ecological benefits attributed to urban agriculture include 

support for urban biodiversity, water management, and climate regulation (Lin et al., 

2015; Lovell, 2010; Russo et al., 2017; TFPC, 2012). There is a great deal of debate in 

the literature regarding the potential for urban agriculture for food provisioning, 

environmental sustainability, and ecological benefits; each topic will be discussed in 

turn. 

2.1.2.1 Urban Agriculture for Food Security 

 Globally, urban agriculture is estimated to produce up to 20% of the world’s food 

supply (Corbould, 2013). Urban agriculture currently plays a greater role in food security 

in developing countries, with some cities in the global south producing a large 

percentage of produce consumed. For example, urban production accounts for 

approximately 90% of fresh vegetables consumed in Acra, Ghana, 80% of fresh 

vegetables and 40% of eggs in Hanoi, Vietnam (Corbould, 2013), and 60% of fresh 
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vegetables and 90% of eggs in Shanghai, China (Lovell, 2010). Conversely, it is 

estimated that urban agriculture in North America only produces approximately 5% of 

urban food (Corbould, 2013). This is attributed to limited space in densely developed 

cities, high land values, and an abundant supply of imported food available at prices 

that do not reflect the full cost of their production (Corbould, 2013). The fact that many 

large, densely developed cities internationally boast high levels of urban agricultural 

production suggests that the true constraints to urban agriculture in North America may 

lie in a difference in values, priorities, and needs. Urban agriculture tends to expand 

when a solution is needed for urban food insecurity. While the current environmental 

and economic climate does not incentivize urban agriculture as an alternative food 

source for most Western cities, this could shift. Predicted effects of population growth, 

climate change and natural resource depletion are anticipated to produce strains on 

global economic and agricultural systems (IPCC, 2018), which may drastically reduce 

the food security of urban areas in the global north and south alike. 

 Despite urban agriculture enjoying growing popularity and recognition as an 

important preparedness strategy to guard against potential shortages to the urban food 

supply, there is little literature to indicate how much food could be produced in Western 

cities, and to what extent it could meet residents’ dietary needs. Estimates that do 

appear in the literature vary widely in what and how they measure, with few studies 

seeking to estimate what a city could produce if a comprehensive urban agriculture 

strategy were employed. For instance, a study on the productivity of residential gardens 

in the City of Guelph found an average of 1.43 kg of fruit and/or vegetables produced 
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per square metre gardened. The researchers extrapolated that if land under cultivation 

increased to 10% of possible residential yard space, enough fruits and vegetables could 

be produced to meet the Canada Food Guide’s recommended servings of fruits and 

vegetables for 46% of the city’s population for one year (CoDyre et al., 2015).  

 A study of Oakland, USA found that intensive cultivation of all suitable open 

space in the city would only supply ~1% of residents’ fruit and vegetable needs, while a 

study of Bologna, Italy estimated that rooftop urban agriculture could meet 77% of 

residents’ fruit and vegetable needs (Goldstein, Hauschild, Fernández, & Birkved, 

2016). In looking at the potential for urban trees to contribute to food security in 

Burlington, USA, Clark & Nicholas (2014) modelled varying planting scenarios of Malus 

domestica in publicly accessible open space, and found that 108% of the residents’ 

minimum recommended fruit intake could be met under the most ambitious planting 

scheme.  

 These results suggest some promise for urban agriculture to provide a sizeable 

portion of fruit and vegetable needs. However, of the three studies, only the latter 

meaningfully accounted for potential variation in productivity and anticipated crop 

losses, suggesting that many estimates on the provisioning potential of urban 

agriculture may be overly optimistic. Production levels would likely benefit if more 

available space (i.e.; both public and private, green space and built spaces) were 

dedicated to production. Additionally, improved skill of growers is associated with 

substantially higher yields per unit area under production (CoDyre et al., 2015; Lovell, 
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2010). Nevertheless, fruits and vegetables are only a portion of a calorically sufficient 

and nutritionally balanced diet, and alone may not confer a great deal of food security if 

staple crops are absent.  

 Richardson and Moskal (2016) propose a method for estimating the maximum 

production capacity of a city, and model the potential production of the City of Seattle, 

USA, where all available public and private green space is put into intensive production 

for a mix of crops that could supply a balanced vegetarian diet year-round. They found 

that only 1-4% of the City’s food needs could be met under the most realistic land-use 

scenarios. Variation in factors like climate, population, urban density, and total land area 

make it difficult to use these results as a guide for what the maximum production 

capacity of other cities may be, but do suggest that localized production alone is unlikely 

to confer adequate levels of food security to sustain an urban population. Interestingly, 

this study did not address the production of avian eggs, which are a common recurring 

element in cities that boast high levels of urban agricultural productivity, such as 

Shanghai and Hanoi (Lovell, 2010).  

 Research on the urban provisioning potential of urban agriculture is limited, and 

the diversity of cities, food goods, and potential cultivation spaces studied make 

generalizations difficult. If cities wish to enhance their food security through urban 

production, it will be important for planners, designers and decision makers to 

understand what levels of self-sufficiency can reasonably be obtained, and under what 

production schemes. Current research on the potential productivity of urban agriculture 
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seeks to quantify maximum potential productivity in producing certain food goods, but 

does not address how production schemes might differ if factors like environmental 

sustainability were prioritized. Given that high energy costs of agriculture, resource 

depletion and environmental degradation are seen as contributing to anticipated global 

food security challenges, future research should address how urban areas can 

maximize their urban production while maximizing the efficient use of inputs and 

minimizing environmental degradation. 

2.1.2.2  Urban Agriculture for Improved Environmental Sustainability 

 Urban agriculture is commonly regarded as a solution to reduce the 

environmental impacts associated with urban food provisioning. According to Goldstein 

et al. (2016), food consumption and disposal is a major portion of a city’s environmental 

burden. Agricultural production is associated with carbon emissions, natural habitat 

loss, water use, and chemical pollution, with the bulk of agricultural products ultimately 

consumed by urban residents (Goldstein et al., 2016). Urban agriculture is seen as a 

way to limit “food miles” by reducing transportation distance of food products from field 

to table, to absorb urban wastes by making use of waste resources such as organic 

matter, greywater, and heat, and to confer environmental benefits beyond the city by 

limiting the need for deforestation and agricultural land expansion (Goldstein et al., 

2016; Viljoen, 2005). New research challenges these assumptions and demonstrates 

that the potential for urban agriculture to confer these benefits is dependent on 

numerous factors. 
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 A number of authors suggest that environmental impacts of transport are 

overemphasized and those of food production underestimated (Goldstein et al., 2016; 

Rothwell et al., 2016). Goldstein et al. (2016) performed an environmental life cycle 

assessment of urban farms in Boston and New York City, USA, and compared their 

performance to conventional field agriculture for the same crops (tomatoes and lettuce). 

They found great variation in the performance of the urban farms, but that in general, 

energy inputs and inefficiencies in urban farms negated the benefits of reduced food 

miles. The farms they studied included ground-based and building-integrated, as well as 

climate-conditioned and naturally-conditioned. The ground-based, low-input systems 

performed best environmentally, but authors noted that these systems are likely the 

least compatible in cities with high land values and competition for alternative land uses. 

Even upon reproducing their life cycle assessment assuming renewable rather than 

fossil fuel sources of energy, the researchers found that dedicating the same area of 

urban space to solar panels rather than farms would have greater climate change 

mitigation benefits.  

 Rothwell et al. (2016) performed a similar study in Sydney, Australia, comparing 

environmental life-cycle assessments for lettuce production in urban and periurban field 

farms, outdoor hydroponic and high technology greenhouses to conventional 

agriculture. In contrast to Goldstein et al. (2016), Rothwell et al. (2006) found that peri-

urban field lettuce performed best, and that the high-tech greenhouse would perform 

best overall if run using renewable energy. The contrasting results of this study 

demonstrate that the environmental performance of urban agriculture is contingent on 



17 

 

 

 

numerous factors, and should not be automatically assumed as superior to conventional 

agriculture. The challenge of scarce land availability in cities has led many to seek a 

solution in the use of built structures and/or intensive cultivation techniques to ensure 

high yields, but this literature serves as a reminder that assumptions about urban 

production efficiency must not go uninvestigated. Furthermore, these studies suggest 

solutions may lie in low-input, high-yielding ground-based systems, and warrant further 

investigation. 

 The assumption that urban agriculture will provide a sink for urban wastes and 

reduce rural agricultural expansion remains underexplored, and few studies examine 

successful case studies. While urban agriculture can, in theory, make productive use of 

urban organic matter, grey-, storm- and rain- water, and waste heat, its use of these 

resources may only provide a net environmental benefit if urban agriculture is 

established at a scale in which it can replace the need for investment in alternative 

waste-disposal infrastructure (Goldstein et al., 2016). There are some examples of 

using sewage sludge and wastewater as inputs to urban agriculture, but they do not 

replace a municipal wastewater treatment system, and bring with them concerns and 

limitations regarding contamination (Goldstein et al., 2016; Viljoen, 2005). Research by 

Waffle et al. (2017) looks at another kind of urban waste: excess heat produced from 

the Urban Heat Island (UHI) effect. They found that heat from UHIs in the City of 

Toronto could allow the City to grow crops that cannot otherwise be grown successfully 

in the province, suggesting that this wasted heat from UHIs can become an opportunity 

for urban agriculture. Cities looking to expand urban agriculture would be wise to 
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examine if and where a critical threshold of urban production is required to allow for 

efficiencies and cost-savings through waste diversion.  

 The claim that urban agriculture can help alleviate pressure on rural land is 

challenged by Goldstein et al. (2016), who suggest that urban agricultural production 

will be insufficient to produce the additional food needed for a growing population, and 

that rural agricultural land, at least in the USA, will likely continue to operate at full 

capacity. In the event that intensification of agricultural production in urban and rural 

areas could halt appropriation of natural lands for agriculture, or even reverse it, it is 

unclear that net environmental benefits will result.  Lin and Fuller (2013) reflect on two 

competing approaches to landscape conservation: land sharing (low intensity 

anthropogenic use spread over a larger areas) versus land sparing (higher intensity 

anthropogenic use confined to a smaller area), and argue that further research is 

needed, as much in agricultural contexts as in urban development contexts, to 

determine the optimum scale, intensity and fragmentation associated with a given land 

use. Their arguments serve to remind researchers and proponents of urban agriculture 

that assumed benefits of any alteration to a landscape should be assessed and tested 

for its performance in a particular landscape context. 

2.1.2.3  Urban Agriculture for Environmental Services 

 Urban agriculture has been referred to as “Edible Green Infrastructure” (Russo et 

al., 2017), and is credited as a multifunctional use of urban vegetation that can 

contribute to carbon sequestration, air quality improvements, stormwater management, 

soil building, and a reduction in the urban heat island effect. Russo et al. (2017) 
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conducted a systematic literature review on studies of environmental services and 

disservices related to multiple edible green infrastructure typologies. The review 

confirmed that numerous studies have documented measurable environmental service 

provision indicators (ex. carbon sequestration, runoff reduction, air pollution removal) in 

urban agricultural plantings, ranging from edible urban forests to school gardens to 

edible green walls. While it is useful to confirm that vegetation assemblages planted 

with a primary goal of food production can offer the same types of environmental 

benefits as plantings specifically designed to function as green infrastructure, this 

review does not shed any light on how well these systems compare to a non-edible 

system in terms of environmental service provision, nor how the types of food crops, 

planting structure, intensity of management, or spatial configuration affect the types and 

extent of environmental services they provide.  

 Similarly, other authors have claimed that urban agricultural systems can be 

associated with environmental services such as storm water management and 

mitigation of the urban heat island effect, without suggesting how urban agriculture 

contributes to these outcomes beyond acting as a generic vegetated space. Lin et al. 

(2015) reference a study of allotment gardens in Germany reducing demand for air 

conditioning in nearby buildings, and suggest that urban agricultural systems can 

improve soil infiltration and drainage by reducing impervious surfaces. However, these 

studies do not address how urban agriculture offers something beyond what an 

alternative vegetated land use would. It is useful to confirm that vegetation arranged for 

the purpose of urban agriculture can offer similar benefits to those associated with 
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vegetation arranged for the purpose of green infrastructure; however, this information 

alone does not aid in the planning and design of edible green infrastructure. Further 

research linking urban agricultural structure, composition, management and placement 

to environmental service outcomes will allow for informed decision making on where 

traditional green infrastructure can be replaced with edible green infrastructure for 

optimum benefits.  

2.1.2.4  Urban Agriculture for Biodiversity 

 As a vegetated land use, urban agricultural systems are seen as having the 

potential to contribute to enhanced biodiversity in urban areas and beyond. Compared 

to turfgrass, a common groundcover in urban areas, urban agriculture plantings may 

offer greater structural and species diversity. Similar to urban agriculture’s potential to 

offer environmental services, its potential to support biodiversity is confirmed through 

observation, but its performance relative to other vegetated land uses of similar 

structure is not well understood. In a systematic review of the relationship between 

urban agriculture and biodiversity, Clucas et al. (2018) found fewer than 20 papers that 

involved urban agriculture and measuring biodiversity, with conflicting results. For 

example, some studies found increased biodiversity in urban agricultural plots as 

compared to vacant plots, and others found no difference. The conflicting results point 

to a need for further research, and for greater specificity in characterizing urban 

agricultural units of study versus control units of study, to allow for more effective cross 

comparison.   
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 A second literature review and survey of biodiversity patterns in urban agriculture 

found that vegetative structure, increased native plant diversity, and a reduction of 

impervious surfaces contribute significantly to urban biodiversity (Lin et al., 2015). The 

authors argue that urban agriculture can bring diverse green infrastructure to urban 

landscapes that are otherwise usually highly simplified, and provide vegetative structure 

and diversity that can support ecosystem functions across fragmented habitats. Their 

review contains promising findings for urban agriculture’s potential to support insect and 

vertebrate diversity, although their aggregation of examples of unrelated species from 

disparate geographies leads one to question if results are overly generalized. For 

example, they cite a study from Latin America correlating increased patio extent with 

greater iguana movement across urban landscapes, and link this as evidence that 

“Increases in the vegetation structure and genetic diversity of domestic garden habitats 

have been shown to improve the connectivity of native populations currently limited to 

remnants”(Lin et al., 2015, p. 195). Nevertheless, their review presents numerous 

examples that link vegetation structure, patch connectivity and management practices 

to species presence and movement within and through urban landscapes, and they 

identify the need for further research on how urban agriculture fits into the larger 

landscape pattern, and how its presence and management practices can promote 

effective landscape connectivity. 

2.1.3 Urban Agriculture Risks and Disservices 

 Urban agriculture is widely viewed as a promising and positive element of urban 

landscapes, but is not without its drawbacks. From a biodiversity perspective, urban 
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agriculture raises concerns about the potential transfer of weed, pest or pathogen 

populations between natural and managed systems, the potential for species from 

urban agricultural systems to enter nearby natural systems and create damaging 

competition for native species, and the potential for genes from urban agricultural plants 

to hybridize with locally adapted species in natural areas (Lin et al., 2015). From an 

environmental perspective, there are concerns about urban agricultural inputs 

(fertilizers, chemicals) leaking into urban and natural systems, and strains on water 

supplies (Lin et al., 2015; Russo et al., 2017). From a human health perspective, urban 

agriculture presents concerns such as increased mosquito breeding sites due to 

standing water from irrigation, pollen-induced allergies, release of harmful volatile 

organic compounds from plants, and the risk of heavy metal and pollutant contamination 

of food from contaminated soil, water and air (Lin et al., 2015; Russo et al., 2017). 

Findings from research on environmental services, biodiversity and urban agriculture 

suggest that urban agricultural systems perform similarly to other vegetated areas with 

comparable vegetation structure, native species diversity, and disturbance regimes. 

When planning and designing for urban agriculture, applying established environmental 

and ecological principles, such as those listed in Table 2.1, may serve as an adequate 

guide for implementing urban agriculture in ways that minimize damage and optimize 

benefits. Nevertheless, further investigation to understand, describe and quantify 

diverse urban agricultural systems’ interactions with the urban and natural environment 

would offer value to planners, designers and ecologists alike. 
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Table 2.1: Principles for designing and maintaining vegetation communities to minimize 
environmental degradation and optimize ecological integrity. Summarized from Daigle & Havinga 
(2000) and Pretty (2008) 

Minimize Environmental Degradation Optimize Ecological Integrity 

• Minimize/eliminate irrigation from 
ground and surface water sources, 
select plants, planting arrangements 
and maintenance practices that 
conserve soil moisture 

• Minimize/eliminate the use of chemical 
pesticides and fertilizers, integrate 
biological and ecological processes to 
manage pests and build soil fertility 
(ex. promoting predation and 
parasitism of pest species, 
incorporating nutrient cycling and 
nitrogen-fixing plants) 

• Minimize disturbance to soil structure, 
minimize soil compaction and erosion 

• Minimize the use of non-renewable 
energy and resources 

 

• Incorporate native and 
indigenous species, avoid the 
use of invasive species 

• Incorporate species to achieve 
a plant community with a 
physical structure, species 
composition and function that 
is representative of the 
biodiversity of the region and 
of the site conditions 

• Site plant communities to 
promote a high degree of 
connectivity in the landscape 

 

 

2.1.4 Planning for Urban Agriculture 

 Urban agriculture typically manifests itself through grassroots, bottom-up actions, 

with involvement from governments and institutions appearing once substantial demand 

and desire for urban agriculture is identified. Many authors argue that in order for the 

benefits of urban agriculture to be fully realized, it requires planning (Lovell, 2010; 

Viljoen 2005). Lovell (2010, p.2506) states “Edible landscapes can be included as 

strategic, sustainable, and multifunctional components of statutory municipal plans, 
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urban design schemes, neighborhood development projects, urban upgrading 

initiatives, and the design of housing.” This vision indicates a focus on integrative 

planning at multiple scales.  

 Municipal planning efforts to support urban agriculture are on the rise, and with 

them, a desire to identify appropriate planning strategies. Lovell (2010) argues that GIS-

based mapping, land-use inventories, and suitability analyses are effective strategies for 

identifying appropriate areas for urban agriculture based on biophysical factors, and 

suggests that planning for urban agriculture can and should go further to consider 

factors like proximity to market connections and resources, transport systems, and 

waste disposal options. La Rosa et al. (2014) suggest using GIS based mapping to 

inform the sustainable planning of New Forms of Urban Agriculture (NFUA) in urban 

areas. They demonstrate their method using Catania, Italy as a case study: researchers 

looked at five categories of non-urban areas and determined which would be capable of 

transitioning to an urban farm, allotment garden or agropark. They then determined the 

most suitable land transition given social (proximity to residential areas), ecological 

(percentage tree cover) and physical features (size of parcel, contiguity between bare 

soil patches and farmlands), and present alternative land use scenarios based on their 

analysis. While their analysis is rather simplistic (looking at only 4 indicators across 3 

categories of suitability), it does offer a framework that can support more complex 

analyses, and a compelling illustration of different land use alternatives that can serve to 

inform and inspire decision makers. Their approach aligns with Lovell’s (2010) 
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recommendations for future research directions in her review Multifunctional Urban 

Agriculture for Sustainable Land Use Planning in the United States. She states:  

…planning research could allow the evaluation of future landscape 
alternatives that integrate food systems into cities. Land use models are 
effective in representing these alternatives and comparing them based on 
various indicators of sustainability….This approach can also inspire and 
inform decision makers of the opportunities and impacts of different 
alternatives (Lovell, 2010, p. 2514). 

 Urban agriculture has been linked to numerous positive social, public health, 

sustainability, ecological, and provisioning benefits. At the same time, it presents 

potential risks and disservices. While the extent of urban agriculture’s potential is poorly 

understood, studies suggest that many well-researched, designed vegetation 

communities can provide insights to inform an understanding of how urban agricultural 

systems interact with their surroundings. While much scientific inquiry remains to be 

addressed in the field of urban agriculture, planning and design research can press 

forward, and continue to advance our understanding of how alternative landscape 

scenarios can minimize risks and optimize benefits associated with urban agriculture. 
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2.2 Urban Ecology 

2.2.1 An Emerging Discipline 

 Urban ecology is gaining interest and attention from researchers and 

professionals ranging from ecologists and engineers to urban planners and landscape 

architects. As a discipline still in the early phases of development, there is considerable 

debate surrounding the nature of urban ecological theory, the degree to which it is 

distinct from ecological theory and its principles, and the most appropriate frameworks 

through which it should be studied and applied (Forman, 2016; Kattel et al., 2013; 

Pickett et al., 2008; Pickett & Cadenasso, 2017). While debates over the nature of the 

discipline are ongoing, there is consensus on the need to understand the unique ways 

in which the biophysical, socio-economic, and built environment interact. A greater 

understanding and application of urban ecology in urban planning and design has the 

potential to guide changes in cities for improved ecological integrity, delivery of 

environmental services, and a healthier urban environment. By guiding improvements to 

the urban environment and those environments which it affects, urban ecology can help 

cities to meet the needs of humans and other organisms in the context of rapid 

population growth and urbanization. 

 Urban ecology has been described as the study of “the interactions of organisms, 

built structures, and the physical environment, where people are concentrated” 

(Forman, 2014, p. 3). Much urban ecology research adheres to this description, with foci 

including urban species types and richness, biogeochemical and material flows, and 

urban-region spatial patterns, processes, and changes (Forman, 2014). Other scholars 
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would add breadth to the description, arguing that urban ecology also encompasses the 

study of complex relationships among socio-economic, political, biophysical, and built 

systems (McPhearson et al., 2016; Pickett et al., 2008). Despite multiple conceptual 

frameworks and research foci, McPhearson et al. (2016) synthesize that most research 

in urban ecology to date can be categorized in three ways: as Ecology in Cities 

(research on biophysical dynamics of ecosystems in urban spaces) Ecology of Cities 

(integrative, multidisciplinary science of interactions between social and ecological 

systems), and Ecology for Cities (bringing research from previous two areas into 

transdisciplinary practice, such as urban planning, governance and design). Each 

category abounds with key questions remaining to be addressed through urban ecology 

research. The latter, Ecology for Cities, closely aligns with the goals of landscape 

architecture, a discipline that seeks to create intentional landscape change to 

sustainably meet the needs of society while stewarding the land. Landscape 

architecture practitioners implementing evidence-based design (Brown & Corry, 2011) 

rely on researchers answering questions about Ecology in and of Cities, so that they 

may integrate Ecology for Cities into their designs.  

2.2.2 Urban Challenges 

 Forman (2016) argues that the study and evolution of the science of ecology 

should reflect the reality of the landscape, and the reality is that the planet is rapidly 

urbanizing (McPhearson et al., 2016). By 2050, it is estimated that over 6.6 billion, or 

68% of the projected global population of 9.8. billion, will live in cities (Bongaarts et al., 

2018). While the footprint of global cities is relatively small, at approximately 1-6% of the 
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earth’s surface, their effects are wide-spread. Urban areas demand a large share of the 

earth’s resources in the form of providing material and energy inputs and absorbing 

waste outputs (Alberti, 2005). Additionally, urban development is associated with habitat 

degradation, fragmentation and isolation, altered hydrological systems, and modified 

energy flow and nutrient cycling (Alberti, 2005; Alberti & Marzluff, 2004; Kattel et al., 

2013; McPhearson et al., 2016; Pickett et al., 2008). Urban ecology could guide 

changes to urban forms in ways that address these challenges. A deeper and broader 

understanding of urban ecology is called for to inform the planning, design and 

management of urban spaces, so that humans and other species can benefit from 

healthier, safer, and more regenerative communities that can meet the needs to current 

and future generations (Alberti & Marzluff, 2004; Felson et al., 2013; Forman, 2014; 

Kattel et al., 2013; McPhearson et al., 2016; Steiner, 2016). 

2.2.3 The Need for Urban Ecology 

 Recent research in urban ecology challenges assumptions derived from 

traditional “natural area” ecology. In the Baltimore Ecosystem Study (Pickett et al., 

2008) researchers conducted multiple studies with the overarching goal of 

understanding patch dynamics of human ecosystems. Their studies addressed social, 

biophysical, and integrative (both social and biophysical) processes, and revealed many 

counterintuitive results. For instance, in studying riparian function in urban areas, 

researchers found that urban hydrologic flow paths resulted in drying of riparian soils, 

allowing the aerobic process of nitrification to occur, causing riparian areas to have a 

reduced buffering capacity for nitrates entering stream systems, and occasionally acting 
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as a source of nitrates. Such findings strengthen arguments from urban ecologists like 

Forman (2016), who point out that the drivers and outcomes of many ecological 

processes in urban areas differ from those in natural areas, and that the principles of 

urban ecology cannot simply be adopted from sister disciplines like agricultural ecology, 

aquatic ecology, or wild area ecology.  

 The tools used to study natural area ecology are also sometimes inadequate for 

application to urban ecology. In the Baltimore Ecosystem Study (Pickett et al., 2008), 

researchers found that land-use and land-cover classifications were inadequate to 

capture the heterogeneity of the urban landscape, as a simple land-use classification 

such as high-, medium- or low-density residential fails to reveal the biophysical diversity 

in land-cover of residential areas that could have important implications for ecological 

function, such as variation in vegetation structure. Similarly, researchers conducting an 

empirical study in the Puget Sound region (Alberti & Marzluff, 2004) sought to 

demonstrate links between urban patterns and ecological resilience. They discovered 

complex relationships between land use and land cover, with land cover composition 

varying greatly within the same land use types, depending on parcel size, location in the 

urban to rural gradient, and the year built. For example, within residential land uses they 

found a range of land cover compositions, from primarily impermeable surfaces, to 

turfgrass, to mature trees. These discoveries emphasize the need to understand 

ecology in urban areas through the unique lens of urban, rather than natural area 

ecology. 
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2.2.4 Key Principles of Landscape Ecology 

 Key research frontiers in urban ecology draw on principles of landscape ecology 

to understand ecological implications of urban spatial patterns, mosaics, flows, 

movements, and change (Alberti, 2005; Alberti & Marzluff, 2004; McPhearson et al., 

2016; Pickett et al., 2008). Principles of landscape and regional ecology are seen as 

applicable to any land mosaic, including urban areas (Dramstad et al., 1996). 

Landscapes, regardless of context, all exhibit structure, functioning, and change. 

Structure refers to the spatial arrangement of landscape elements, functioning refers to 

movements and flows of organisms, energy, materials and elements through the 

structure, and change refers to the alterations of structure and functioning over time. 

The structure of a landscape can be described as a composition of three elements: 

patches, corridors, and matrices (Dramstad et al., 1996). A patch is any area that differs 

from what is around it, with all smaller patches being nested within larger ones, and all 

larger patches being made of smaller ones. Patch shape, size, location and edge 

condition all influence ecological function (Beck, 2013). Corridors are elongated or 

stepping stone patches that can serve to connect landscape features or act as barriers. 

The matrix refers to the overall composition of patches and corridors in a landscape and 

is the backdrop that exerts control over landscape patterning (Dramstad et al., 1996). 

2.2.5 Applying Landscape Ecology to Urban Ecology 

 Examples of urban ecological patterns and processes differing from those of 

natural areas necessitates a better understanding of to what extent can principles from 

landscape ecology be applied to urban areas. Thus far, most studies of ecology in 
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urban regions rely on aggregated measures of urbanization, such as population density, 

road density or percent impervious cover, that do not discriminate between landscape 

patterns (Alberti, 2005; Alberti & Marzluff, 2004). However, a handful of studies have 

demonstrated that spatial configuration of urban areas influences ecosystem dynamics. 

Numerous scholars have described urban landscapes as a “mosaic of biological and 

physical patches within a matrix of infrastructure, social institutions, cycles and 

order…”(Alberti & Marzluff, 2004, p. 252), reasoning that spatial patterns of an urban 

area will alter biophysical structure, habitat, and flows of resources. In researching 

ecological resilience in urban ecosystems of the Puget Sound region, two of the three 

studies conducted showed a strong correlation between spatial arrangement and 

ecosystem function. Looking at land cover-land use patterns, researchers found “land 

uses, housing density and the parcel position on an urban to rural gradient are good 

predictors of land cover composition and configuration. These results show that land 

development patterns have different impacts on the amount of natural land cover that 

can be preserved and level of fragmentation that will be generated under different land 

use scenarios” (Alberti & Marzluff, 2004, p. 255).  In studying the relationship of biotic 

integrity and urbanization of sub-basins, they found that location and spatial 

configuration of forest patches and paved areas had a stronger influence on biotic 

integrity in streams than total percent of impervious cover. In addition to direct effects of 

urban patterns on ecological impacts, researchers have also hypothesized that urban 

patterns have indirect ecological impacts by influencing the feasibility of alternative 
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systems to provide resources and services, such as drinking water and public transport 

(Alberti, 2005). 

 While urban landscapes, like natural ones, can be described in the language of 

landscape ecology as a mosaic of patches, corridors and networks, Forman (1995) has 

suggested that ecological integrity in an urban area is an impossibility, and could only 

theoretically be considered sustainable if planned and managed as one of several 

linked landscapes viewed together. This claim does not undermine the need to achieve 

greater gains in urban ecological integrity and sustainability, but does beg the question 

of what magnitude and extent of improved ecological outcomes are possible. Thus far, 

the scientific community is only beginning to advance on the frontier of how urban 

patterns “control the distribution of energy, materials and organisms…”(Alberti & 

Marzluff, 2004, p. 261), with numerous studies on how urban patterns affect primary 

productivity, biodiversity, nutrient and material cycles (Alberti, 2005). However, 

conspicuously lacking are studies investigating how alternative spatial urban structures 

influence ecosystem function. 

2.2.6 Using Urban Ecology to Inform the Design and Planning of a More 
Ecological City 

 Urban ecologists are challenged to discover how urban structure relates to 

ecological function. The quest to understand patch dynamics in urban ecosystems 

involves many factors not regularly considered in traditional ecology, including 

interactions among society, politics, economics, built structures, and biophysical 

elements. While published and emerging studies provide us with a better understanding 
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of how features unique to the urban environment generate ecological outcomes that 

differ from what would be expected in more natural areas, the growing discipline of 

urban ecology has not yet reached the phase of producing predictive research that can 

describe how alternative spatial compositions will affect ecological outcomes. Further 

research is needed to advance the theory, principles, and practice of urban ecology. 

 Urban ecosystems are understood, studied, and theorized in many ways. The 

maturation of theory, concepts, principles and frameworks in urban ecology will aid in 

moving research along the continuum from exploratory to predictive, and evidence 

produced from research and case studies will likewise serve to inform the development 

of theory in the discipline. Existing evidence suggests that tackling the challenge of 

more sustainable development in the face of increasing urbanization will require the 

application of an integrative ecological science specific to the urban context, and urban 

ecology offers this. In order to achieve greater ecological integrity in cities that meet the 

needs of humans and other species, further research applying urban ecology is required 

to better understand how urban spatial patterns influence ecological outcomes.  
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2.3 Landscape Analysis 

2.3.1 Landscapes are Diverse 

 Landscapes exhibit a high degree of variability as a result of physical, biological 

and socio-cultural processes. Geological processes and - in most of Canada - the 

process of glaciation, have created landforms. The interaction of climate, landforms and 

the hydrologic cycle results in microclimates that support the development of specific 

plant and animal communities, which in turn affect the development of soils. Humans 

act upon and alter these bio-physical landscape components, further influencing the 

form and function of landscapes through the creation of socio-cultural landscape 

components (Brown, 2008). 

2.3.2 Understanding Landscape Analysis 

 Landscape analysis is the process of synthesizing and assessing information 

about the bio-physical and socio-cultural components of a landscape to identify inherent 

opportunities and constraints a landscape presents with respect to particular land uses 

(LaGro, 2013). Landscape analysis is often closely associated with sustainability goals, 

but in and of itself is simply a process that can be employed to meet a wide range of 

objectives, from informing environmental planning and design, to determining the most 

promising locations for natural resource extraction.  

2.3.3 Landscape Analysis for Environmental Planning 

 Landscape analysis is now widely recognized as an essential component in 

ecological and environmental approaches to land-use planning (Steiner, 2008). In 

addition to identifying opportunities and constraints associated with particular land uses, 
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landscape analysis for environmental planning seeks to determine the “highest and best 

use” (McHarg, 1969, p. 128), or the most suitable use of land given its inherent fitness 

to support particular land uses. This type of analysis is commonly referred to as 

Suitability Analysis, or Suitability Modelling (Steiner, 2008; Lyle, 1999).  

 McHarg (1969), author of the influential book Design with Nature, argued that 

nature and its processes result in landscapes with an intrinsic suitability to particular 

human uses, by way of containing forms, resources or processes that do “work” for 

humans. In other words, they accommodate human uses while reducing the need for 

additional investments of energy and work to create ideal conditions. Likewise, McHarg 

(1969) argued that nature and its processes also result in areas that are intrinsically 

inhospitable to human uses. Central to McHarg’s philosophy is the idea that if humans 

can work in concert with nature rather than in ignorance of it, both can benefit. 

 Historical evidence suggests that suitability analyses have long-informed land 

use decisions (Lyle, 1999), but documented use of specific methods for context-

informed land-use planning in the Western world begin to appear at the end of the 19th 

century (Steiner, 2008). In the Western world, the development of suitability analysis 

methods accelerated after World War II (Lyle, 1999; Steiner, 2008), making the 

methods relatively young. Multiple methods have been developed, each with challenges 

and strengths. 
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2.3.4 Landscape Suitability Analysis Methods 

 Methods for suitability analyses can be grouped into three broad categories: 

Sieve - Mapping, Landscape Units, and Greytone Overlay Methods (Lyle, 1999). 

2.3.4.1 Sieve-Mapping 

 Sieve-mapping involves creating a series of maps, each representing a specific, 

spatially-explicit bio-physical or socio-cultural constraint to a proposed land use. Maps 

are used one by one as a “sieve” through which to progressively eliminate unsuitable 

areas (Lyle, 1999). This technique was used in planning British New Towns post World 

War II, and laid some of the foundations for Ian McHarg to pioneer his greytone overlay 

techniques (Steiner, 2008; Lyle, 1999). Sieve-mapping is effective in eliminating all 

areas with constraints that could be prohibitive to a specific land use, but it does not aid 

in identifying attractive or opportune areas. 

2.3.4.2 Landscape Units 

 Landscape unit methods classify land according to shared sets of biophysical 

and socio-cultural characteristics, and assess each landscape unit of shared common 

attributes for their limitations and potential, from which suitable land uses are derived 

(Brown, 2008; Lyle, 1999). Lyle (1999) argues that landscape units are unique in that 

they do not start with problems and potentials, but rather the character of the land. 

However, decisions about how to represent and group attributes to form landscape units 

must inevitably take final programming goals into consideration. To illustrate with a 

simple example, decisions surrounding the representation of slopes (e.g., how many 

slope classes and what range of grade change is included in each) would differ 
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depending on the sensitivity of the final programming goal to slope and its most suitable 

maximum and minimum slopes. Even the early work of Canadian landscape unit 

proponent G. Angus Hills was influenced by the problems and potentials of natural 

resources use in Canadian forestry (Ndubisi, 2002). 

 Unlike sieve-mapping methods, landscape unit methods do not simply 

demonstrate unsuitable areas, but allow one to assess the entire landscape for a range 

of suitability and incompatibility for different land uses. Landscape unit methods are 

unique in that they are used to assess both landscape capability and suitability. 

Landscape capability refers to “...the inherent capacity of an area to be used for 

different activities, determined in as unbiased and objective a manner as possible” 

(Brown, 2008, p. 9), whereas suitability considers subjective human values in assessing 

the appropriateness of an area to be used for different activities (Brown, 2008; LaGro, 

2013; McHarg; 1969). Assessing both capability and suitability is considered an 

advantage because it allows one to distinguish between what land could be used for, 

and what is should be used for (Brown, 2008).  

 Like the other methods, landscape unit methods begin by mapping landscape 

attributes considered relevant to potential land uses, and overlaying each map layer to 

see where particular attribute qualities coincide. Once landscape units are identified, a 

matrix is usually used to record an assessment of each landscape unit for its capability, 

and subsequently suitability, to support each proposed land use (Brown, 2008).  
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 Advantages of landscape unit methods are that they can be simple and direct 

ways of analyzing a landscape (Lyle, 1999; Brown, 2008). Landscape units allow 

professionals and lay-persons alike to visualize distinctions between different units and 

to readily understand analysis results (Lyle, 1999). However, the landscape unit method 

is challenging to employ with intricately varied landscapes, and when numerous diverse 

land uses are under consideration (Lyle, 1999). This is because the total number of 

landscape units to assess can grow exponentially with each attribute mapped, and each 

unique quality or category included on a single attribute map. Additionally, it becomes 

less feasible to represent landscape attributes in ways that are most relevant to the 

proposed land uses as the number and diversity of potential land uses increases. 

2.3.4.3 Greytone Overlay Method 

 The greytone overlay method, pioneered by Ian McHarg and often referred to as 

the McHarg or Pennsylvania Method (Steiner, 2008), looks at the degrees of suitability 

associated with different landscape attributes. Unlike the landscape unit method, where 

qualities of landscape attributes are mapped, and their combinations assessed for 

suitability and capability, the greytone method maps a range of ranked values of each 

selected landscape attribute. For instance, a scenic value map may rank areas between 

one to five, with one representing areas with the highest scenic value, mapped in dark 

grey, and five representing areas with the least scenic value, mapped in white. 

Likewise, a foundations conditions map may rank and map areas with values ranging 

from one to five, with one and the darkest colour representing the best foundation 

conditions and five and the lightest colour representing the worst. When the maps are 
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overlaid, the darkest areas represent the combination of the most desirable values for a 

particular land use. Where multiple land uses are being assessed, composite maps of 

the overlays are produced for each land use, and these composites are then overlaid, to 

determine where the ideal conditions for each occur in separate locations and where 

they coincide, creating competition or an opportunity for complimentary land uses 

(McHarg, 1969). 

 While groundbreaking, the method pioneered by McHarg and his students and 

colleagues at the University of Pennsylvania is not without challenges, many of which 

were identified by McHarg himself. One problem identified by McHarg (1969) was the 

mechanical and practical challenge of interpreting the resulting combinations of differing 

shades. As predicted by McHarg, modern day technology, in the form of Geographic 

Information System (GIS), has resolved this issue.  

 Of greater significance is the challenge of comparing values that are of unequal 

importance. For instance, scenic value may be of lesser importance than foundation 

conditions for certain land uses. The greytone overlay technique has only qualitative 

rankings, expressed as rules of combination applied to the map overlays, to account for 

this (Steiner, 2008). McHarg (1969) identified this challenge as well, and technology has 

also been able to address it, in part. Modern GIS allows users to assign weights to 

variables, but this does not resolve the issue of determining what weights to assign. 

Today, it remains difficult to land on weighting choices that can be empirically justified, 
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though they are regularly employed using GIS and can dramatically affect analysis 

results.  

 Additional challenges that apply to all overlay techniques, whether undertaken 

manually or using software, include data redundancy, which can occur when different 

land use constraints are represented in multiple interdependent data sets and therefore 

risk being accounted for multiple times (LaGro, 2013; Lyle, 1999), and comparing 

“apples to oranges”, which can occur when one aggregate index is created to assess 

two or more disparate land uses that would be more accurately and meaningfully 

evaluated separately (LaGro, 2013). A summary of each of the landscape suitability 

analysis methods, and their unique advantages and disadvantages, is provided in Table 

2.2. 
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Table 2.2: Summary of Landscape Suitability Analysis Methods 

Method Approach Advantages Disadvantages 

Sieve 
Mapping 

Maps of landscape 
constraints to desired land 
uses are used as a sieve 
to eliminate unsuitable 
areas. 

• Simple 

• Effective for eliminating 
all areas with constraints 
prohibitive to desired 
land uses 

• Only rules out 
unsuitable land areas, 
does not aid in 
identifying opportune 
areas for proposed 
land uses 

Landscape 
Units 

Land is classified into units 
that share a defined set of 
bio-physical and socio-
cultural characteristics. 
Units are then assessed 
for their capability and 
suitability to support 
desired land uses. 

• Simple 

• Easily understood by 
professionals and lay-
persons 

• Effective for assessing 
entire landscape for a 
range of capability and 
suitability to support a 
variety of land uses 

• Challenging to 
employ on intricately 
varied landscapes 

• Not feasible when 
assessing numerous, 
widely diverging land 
uses 

Greytone 
Overlay 

Maps of ranked suitability 
values for landscape 
attributes are overlaid to 
assess the aggregate 
suitability value of land 
areas for desired land 
uses. 

• Effective for assessing 
suitability of large, 
diverse landscape areas 
for a wide range of land 
uses 

• Challenging to assign 
weighted values to 
attribute suitability 
maps that reflect their 
relative importance 
when considering 
specified land uses 

 

2.3.5 Challenges, Benefits, and Future Directions of Suitability Analyses 

 Each method of suitability analysis – sieve-mapping, landscape units, and 

greytone overlay, incorporates three essential steps, outlined by LaGro (2013): 

identifying suitability criteria for each potential land use, conducting a landscape 

inventory and mapping relevant site attribute data, and identifying the locations with 

attribute values that meet the suitability criteria for desired land uses. Each method 
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involves assessing landscape attribute information in a spatially explicit and program-

dependent way, and each employs map overlay techniques.  

 All suitability analysis methods involve creating models or simplified abstractions 

of the natural world, and thus analysis results will be limited by the robustness and 

accuracy of the models developed (Lyle, 1999). Additionally, all landscape suitability 

analyses face the challenge of integrating analysis results in a meaningful way to inform 

decision making. Most integration occurs as a result of qualitative processes that 

determine the relative significance of analysis results. Specific procedures and 

techniques for integration can vary widely, though the integration of results is commonly 

expressed through matrices, map overlays, or flow diagrams (Marsh, 1998).  

 The environmental planning community seems to have some level of discomfort 

with the lack of established quantitative procedures and techniques to integrate 

analysis. Marsh (1998, p. 20) explains “No calculus has been invented that satisfactorily 

facilitates such a difficult integration – a dilemma faced in all planning problems”. This 

discomfort may stem from a bias toward quantitative study in the natural sciences, 

which may be perceived as more defensible.  

 However, numerous authors are not dissuaded by the largely qualitative nature 

of integrating suitability analysis results to inform decision making, and instead 

emphasize the importance of selecting methods and techniques that are rational, 

conceptually valid, well justified, and meticulously documented for reliable repetition 

(Brown, 2008; Lyle, 1996; McHarg, 1969).  
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 Each method outlined offers unique benefits. Sieve-mapping is a simple and 

effective technique to inform where specific land uses should not be sited. Landscape 

units allow for a meaningful analysis of large landscape areas with moderate levels of 

variation to inform the optimal siting of a limited selection of land-uses. Greytone overlay 

methods allow for a nuanced analysis of large, diverse landscape areas to inform the 

siting of a wide range of land uses. The methodology of landscape suitability analysis is 

young, with ample opportunity to explore novel approaches, such as combining 

techniques from various methods, and for testing and refining existing methods.  
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3 Methods 

 To answer the question What landscape pattern of urban food production 

systems will increase food security while optimizing ecological integrity?, I used a 

Research Through Designing methodology (Lenzholzer et al., 2013) to design a 

normative landscape scenario for the City of Ottawa, Canada. 

3.1.1 Methodology: Research Through Designing 

 Research Through Designing describes research methods that employ the 

activity of designing to generate new knowledge (Lenzholzer et al., 2013). Landscape 

architects are uniquely positioned to use design as a research method to contribute to 

knowledge generation in academia (Deming and Swaffield, 2011; Lenholzer et al., 

2013). The use of designing for research is also valued in landscape ecology research. 

Nassauer and Opdam (2008, p. 635) define design as “…any intentional change of 

landscape pattern for the purpose of sustainably providing ecosystem services while 

recognizably meeting societal needs and respecting societal values”, and argue that 

landscape design informed by multi-disciplinary perspectives enhances the quality and 

prominence of scientific knowledge in landscape ecology. 

3.1.2 Normative Landscape Scenarios 

 A normative landscape scenario is a spatially-specific representation of 

landcover patterns that show what the future landscape should be (Nassauer & Corry, 

2004). Creating a normative landscape involves identifying the goal(s) to be supported 

by an alternative landscape design, formulating a hypothesis on how the landscape 

should change, and what landscape characteristics and allocation models can achieve 
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the change. Researchers develop a design for the normative landscape and evaluate if 

the design has produced the landscape characteristics necessary to support the goal. A 

normative landscape scenario is considered a powerful tool to envision alternative 

futures associated with different scenarios (Nassauer & Corry, 2004).  

 In my research, the goals supported by an alternative landscape design are 

increased urban food production and greater ecosystem buffering and connectivity. To 

achieve this, I hypothesized that the landscape will include increased land area 

dedicated to food production, using production practices suited to the landscape 

context, and that suitable agricultural typologies will be distributed across the landscape 

matrix in ways that minimize disturbance to areas of high ecological importance, and 

that contribute to greater ecosystem connectivity in the landscape. To develop the 

normative landscape design, I followed seven steps: 

1. Select a Study Location 

2. Determine Land Available with Potential for In-Ground, Open-Air Food Production.  

3. Conduct a Landscape Inventory 

4. Generate Landscape Units to Describe the Study Area 

5. Develop Urban Food Production Typologies to fit the Landscape 

6. Conduct a Capability and Suitability Assessment 

7. Assign Distribution Pattern of Production Typologies Across Landscape Units 
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 The Geographic Information System (GIS) ArcGIS 10.6.1 (Esri, 2018) was used 

for all map creation. All datasets used in ArcGIS were set to the Projected Coordinate 

System “NAD 1983 UTM Zone 18N”. All datasets were clipped to the study area before 

any subsequent manipulation. 

3.2 Step 1: Select a Study Location 

 I selected the City of Ottawa, Canada as my study location. The City of Ottawa is 

a fitting location for a case study on increasing urban food security and optimizing 

ecological integrity for a number of reasons. As the nation’s capital, the city strives to be 

a source of pride and inspiration to Canadians (National Capital Commission, n.d.). 

Numerous public, private and community organizations are active in promoting urban 

agriculture and/or ecological integrity in the city, including City Departments, the 

National Capital Commission, Just Food and Ecology Ottawa. Ottawa has the largest 

land area of all major Canadian cities, at 2790 km2 (Statistics Canada, 2016), the 

majority of which is rural (City of Ottawa, 2006e). Ottawa’s large area and rural 

character may confer advantages that enhance the potential for the city to achieve food 

security and optimum ecological integrity. At the same time, Ottawa’s urban areas 

experience many of the same constraints to increasing urban agricultural production as 

other North American cities, for example, competition for limited and highly valued 

urban land, limited land areas that are suitable for agricultural production, and health 

concerns surrounding growing food where the risk of soil and air contamination is 

elevated (Lovell, 2010). 
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 The scope of this research is focused specifically on urban areas. This allows for 

easier comparison to other mid-sized cities that lack a rural context, and provides a 

better idea of the provisioning potential of localized urban production. Further, different 

data and methods of examining it would be required to guide the spatial distribution of 

food production typologies across an urban landscape versus a rural one. For these 

reasons, I limited the study site to the urban core of the City of Ottawa, inclusive of all 

lands contained within the borders of the Ottawa River to the north, and the urban 

boundary of the Ottawa Greenbelt to the west, east and south (See Figure 3.1).  

 

Figure 3.1 Study Site Located in the Urban Core of the City of Ottawa, Canada 
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3.3 Step 2: Determine Land Available with Potential for In-Ground, 
Open-Air Production 

 I created a map showing all land available in the City of Ottawa with the potential 

to support in-ground, open-air production of food goods (See Figure 3.6). Production 

systems separate from in-situ soil and the surrounding environment, such as enclosed 

greenhouses and hydroponics, were excluded from this study on the basis that they 

may not contribute to landscape flows, and may be more resource-intensive per unit of 

production (and therefore less sustainable) than imported rural agricultural products 

(Goldstein et al., 2016; Rothwell et al., 2016). Their separation from the surrounding 

environment limits the applicability of landscape ecology theory to site them optimally. 

Rooftop gardens were also excluded, as the landscape attributes that would influence 

their optimal placement in the landscape differ from those for ground-based agriculture, 

and are beyond the scope of this study. 

 I created a GIS layer of the Study Site, shown in Figure 3.1. Steps and GIS 

Datasets used in this step are listed in Table 3.1. 

 Next, I used a sieve-mapping technique (Lyle, 1999) to iteratively eliminate the 

footprints of features prohibitive to in-ground, open-air food production from the Study 

Site map. I categorized these features as Built Infrastructure, Active Recreation Land, 

Land of High Ecological Value, and Land Physically Unsuited to Urban Agriculture, 

described in Tables 3.2 to 3.5 and shown in Figures 3.2-3.5.  
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 Built Infrastructure was removed from the study site because in-ground, open-air 

urban agricultural production requires access to soil in-situ and cannot occur on built 

structures or impervious surfaces. See Table 3.2 and Figure 3.2. 

 Active Recreation Land was removed from the study site because it regularly 

contains built infrastructure that is prohibitive to in-ground, open-air agricultural 

production, and because it represents a valued use of public land. See Table 3.3 and 

Figure 3.3. 

 Land of High Ecological Value (See Table 3.4) was removed from the study site 

because its conservation supports the research goal of optimizing ecological integrity. 

Land areas with high ecological value often best retain their function when disturbance 

is minimized (Forman, 1995), therefore they were removed from land considered to 

have potential for urban agricultural activities. See Table 3.4 and Figure 3.4. 

 Land Physically Unsuited to Urban Agriculture was removed from the study site 

because of physical constraints that are prohibitive to production due to practical 

concerns, like open water, or safety concerns, like landslides. Extraction sites were 

considered for this category, but none occurred within the study site boundary. See 

Table 3.5 and Figure 3.5. 

 Once each layer was iteratively removed from the study site, the resulting map 

(See Figure 3.6) represented the available land with potential for in-ground, open-air 

food production. 
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Figure 3.2 Land Occupied by Built Infrastructure in the Study Site 

 

  

Figure 3.3 Land Occupied by Active Recreation Uses in the Study Site 
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Figure 3.4 Land Occupied by Areas of High Ecological Value in the Study Site 
 
 

 

Figure 3.5 Land Occupied by Features Physically Unsuited to Urban Agriculture in the Study Site 



52 

 

 

 

 

Figure 3.6 Available Land in the Study Site with Potential for In-Ground, Open-Air Food Production 
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Table 3.1 Variables Used to Identify the Study Site 

Category  Features Removed 
from Study Site 

Considerations Action Taken GIS Dataset(s) Used 

Study Site Land areas beyond 
the urban core 

• Focusing on the urban core within the Greenbelt Boundary allows for easier comparison to other 
mid-size cities 

• Created a study site polygon by tracing the urban 
boundary of the Ottawa Greenbelt and the northern 
boundary of wards bordering the Ottawa River 

• Where gaps existed in the Greenbelt, ward boundaries 
connecting one section of the Greenbelt to the next were 
traced 

Wards 2014 (City of Ottawa, 
2014) 
Greenbelt Boundary (City of 
Ottawa, 2006c) 

 

Table 3.2 Built Infrastructure Prohibitive to In-Ground, Open-Air Food Production 

Category  Features Removed 
from Study Site 

Considerations Action Taken GIS Dataset(s) Used 

B
u
ilt

 I
n
fr

a
s
tr

u
c
tu

re
 

Buildings • All buildings are to provide routes of egress (City of Ottawa, 2013b) 

• Minimum recommended pathway widths are: 
600 mm for one person, 1200 mm for public pathways (Dines & Brown, 2001) 

• Urban Buildings dataset (City of Ottawa, 2018d) shows wall line footprint rather than roof line 
footprint, as determined by comparing an overlay of orthophotos (Ontario Ministry of Natural 
Resources, 2005) 

• Minimum roof overhang before eave protection is required is 900 mm (Government of Ontario, 1992) 
and is assumed to represent a typical roof overhang 

• 1 m buffer added to all building footprints to account for 
space likely occupied by roof overhang and/or access and 
egress routes 

• Removed all building footprints from available land 

Urban buildings (City of 
Ottawa, 2018d) 

Roads • Land Use (City of Ottawa, 2010) dataset shows all road footprints as of 2010, to scale 

• Road Segments (City of Ottawa, 2019b) dataset shows centerline of all roads as of 2019 

• Roads constructed between 2010 and 2019 are primarily local roads in new housing developments 

• Local roads may be as wide as 11 m, accounting for 2 travel lanes of 3.25 m and 2 parking lanes of 
2.25 m) (Delcan Corp. & The Planning Partnership, 2008) 

• All road footprints from Land Use 2010 removed from 
available land 

• 11 m buffer added to all Road Segments 2019 centerlines 
to capture footprint of new roads constructed since 2010. 
Removed from available land. 
 

Land Use (City of Ottawa, 
2010) 
Road Segments (City of 
Ottawa 2019b) 

Pedestrian Network • Datasets associated with the Pedestrian Network only show pedestrian infrastructure centerlines 

• Typical Sidewalk width in the City of Ottawa is 1.5-2 m (City of Ottawa, 2006b) 

• Typical Multi-Use Path width in the City of Ottawa is 3 m plus 1.5 m clearance/side (City of Ottawa, 
2017) 

• Typical Path width in the City of Ottawa is 2-3 m plus 1.5 m clearance/side (City of Ottawa, 2017) 

• Typical Trail width in the City of Ottawa is 1.5-3 m with no clearance on either side (City of Ottawa, 
2017) 

• 2 m buffer added to all sidewalk centerlines and removed 
from available land 

• 6 m buffer added to all multi-use path and path centerlines 
and removed from available land 

• 3 m buffer added to all trail centerlines and removed from 
available land 

Pedestrian Network (City of 
Ottawa, 2015a) 
Trails (City of Ottawa, 2019c) 
Rideau Trail (City of Ottawa, 
2019a) 

Railways • Recommended setbacks from railways for residential developments are between 15-30 m. Other 
land uses (ex. roadways, yards) do not share the recommended setback (Federation of Canadian 
Municipalities, 2013). A safety fence, berm, and/or sound barrier is often recommended between 
railway tracks and adjacent land uses. 

• 20 m buffer added to all rail centerlines and removed from 
available land 

Railways (City of Ottawa, 
2013c) 
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Table 3.3 Active Recreation Areas Prohibitive to In-Ground, Open-Air Food Production 

Category  Features Removed 
from Study Site 

Considerations Action Taken GIS Dataset(s) Used 

A
c
ti
v
e
 

R
e
c
re

a
ti
o
n

 Active Recreation • Land Use (City of Ottawa, 2010) dataset shows all land on public and schoolboard property that is 
classified as active recreation 

• Removed all active recreation lands from available land  Land Use (City of Ottawa, 
2010) 

Passive Recreation • While passive recreation and leisure space represents a valued use of public land, and private-
holder food growing can be seen as privatization of public space (Allen, 2015), these lands are often 
capable of supporting the production of edible plants 

• Open space and leisure lands left as part of available land Open Space & Leisure Lands 
(City of Ottawa, 2006e) 

 

Table 3.4 Ecologically Valuable Land Prohibitive to In-Ground, Open-Air Food Production 

Category  Features Removed 
from Study Site 

Considerations Action Taken GIS Dataset(s) Used 

L
a
n
d

 o
f 
H

ig
h
 

E
c
o
lo

g
ic

a
l 

V
a
lu

e
 

Natural Lands • The City of Ottawa (2006d) developed a ranked inventory of all natural lands in the city, for the 
purpose of informing their Greenspace Master Plan. These were classified as Primary, Supporting, 
and Contributing Natural Lands. See Appendix A for the map and definitions. 

• Rare are unique habitats warrant conservation and special protection (Forman, 1995) 

• Rare and unique habitats identified in the Southern Ontario Land Resource Information System 
(OMNR, 2002) are already covered by the City of Ottawa’s (2006d) Natural Lands Designations 

• Primary and Supporting Natural Lands removed from 
available land 

• Contributing Natural Lands flagged for special 
consideration in Step 4: Developing Landscape Units 

 
 

Natural Lands (City of 
Ottawa, 2006d) 

 

Table 3.5 Physically Unsuitable Land Prohibitive to In-Ground, Open-Air Food Production 

Category  Features Removed 
from Study Site 

Considerations Action Taken GIS Dataset(s) Used 

L
a
n
d

 P
h
y
s
ic

a
lly

 U
n
s
u
it
e
d
 t

o
 U

rb
a
n

 

P
ro

d
u
c
ti
o
n

 

Open Water • In-ground cultivation requires access to soil not permanently covered by moving water  

• Rivers (City of Ottawa, 2018c) dataset only shows watercourse centerlines. Largest watercourse 
that appears in the study site measures 4 m in width on Google Earth. 

• 4 m buffer added to river and streams centerlines and 
removed from potentially available land 

• Water Bodies removed from available land 

Water Bodies (City of Ottawa, 
2019d) 
Rivers (City of Ottawa, 
2018c) 
Southern Ontario Land 
Resources Information 
System (OMNR, 2002) 

Steep and/or 
Unstable Slopes 

• Steep slopes limit the feasibility of mechanized agriculture and can pose maintenance, safety and 
erosion challenges 

• Recommendations for maximum slope on which a mower can safely be used range from 15% 
(University of Illinois, 2019) to 33% (Cornell University, n.d.). 

• Maximum slope that can be cultivated without mechanization varies depending on condition, highest 
maximum slope recommendation found was at 47% (Food and Agriculture Organization of the 
United Nations, 1988) 

• Unstable slopes pose a safety risk and should remain undisturbed 

• Unstable slopes (City of Ottawa, 1995) are represented as centerlines and correlate closely with 
slopes above 18% as shown in a Digital Elevation Model (OMNR, 2006). Slopes above 18% in the 
study area generally measure <30 m in width 

• Slopes above 45%, representing a compromise of 
available figures, removed from available land 

• 30 m buffer added to unstable slopes and removed from 
available land 

Digital Elevation Model 
(OMNR, 2006) 
Unstable Slopes (City of 
Ottawa, 1995) 
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3.4 Step 3: Conduct a Landscape Inventory 

 To better understand the site context, I compiled and studied maps, air photos, 

reports and publications that provided information on one or more of the following 

landscape components: 

Physiographic: Topography, Geology, Hydrology, Soils, Climate 

Biological: Wetlands, Natural Areas, Wildlife, Vegetation 

Socio-Cultural: Land Use, Infrastructure 

 I created six maps that capture and summarize the most important biophysical 

and sociocultural characteristics of the study site. These six maps became the basis for 

Step 4, where a map overlay technique was used to identify landscape units. The maps 

are summarized in Table 3.6 and shown in Figures 3.7-3.12. 
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Table 3.6 Summary of Inventory Map Creation and Rationale 

Map Site Components 
Addressed 

Map Development Rationale Action Taken Datasets Used 

D
ra

in
a
g
e

 

Surficial Geology 
• Soil texture influences soil permeability, water-holding capacity, and workability (McMahon et al., 2011). These 

characteristics in turn influence the types of vegetation a landscape can support (LaGro, 2013), and therefore have 
important implications for agricultural activity and/or habitat creation.   

• Mapped soils data covering the Ottawa urban core were unavailable. Due of urban soil mapping, hydrologic 
characteristics of soil in developed areas if often interpreted from the surficial geology (City of Ottawa, 2011). 
Permeability of surficial geology was used as a proxy for soil drainage. 

• Permeability of surficial geology for the study area fell into one of five categories: 
Variable 

Low 
Low-Medium 
Medium-High 

High 

• Variable permeability occurred primary in floodplain areas and is assumed to be generally poorly drained 

• Low-Medium permeability areas often coincided with sandy texture classes and are assumed to be well-drained 

• Many plants have known tolerances or preferences for either well-drained or poorly-drained soil (McMahon et al., 2011) 

• Areas with low and variable surficial geology 
permeability reclassified as “poorly-drained” 

• Areas with low-medium, medium-high and high 
surficial geology permeability reclassified as 
“well-drained” 

• *impervious surfaces were already removed 
from available land in Step 2 

Surficial Geology 
(Ontario Ministry of 
Northern 
Development, Mines 
and Forestry, 2007) 

S
lo

p
e

 

Landforms, 
Topography 

• Steepness of a slope influences water runoff and drainage, erosion potential, intensity of solar radiation, and ease of 
vegetation maintenance (Brown, 2008; LaGro, 2013; OMAFRA, 2017) 

• Ontario Ministry of Agriculture, Food and Rural Affairs (2017) provides classifications for soil capabilities based on slope. 
When analyzing capability ratings across soil types (gravelly and sandy vs loamy and clayey) and slope types (simple or 
complex), the following patterns can be generalized: 

- Moderate limitations occur almost exclusively on slopes => 9% 
- Severe limitations occur between 9-15% and 15%-30% 

- All slopes above 30% have very severe limitations 
 

• Slopes were reclassified as 0-10%, >10-20%, 
and >20-45%* 

• *slopes > 45% already eliminated from 
available land in Step 2 

Digital Elevation 
Model (OMNR, 2006) 

S
o
la

r 
A

c
c
e
s
s
 

Land Use, 
Infrastructure 

• Intensity and duration of sunlight on a landscape influences what types of vegetation can be supported (LaGro, 2013). 
Most of the common agricultural crops in Ontario perform best with full sun, commonly considered 8+ hours of direct 
sunlight/day 

• Data format incompatibilities and technical difficulties prevented me from producing shade models off buildings, trees 
and slopes using ArcScene (Esri, 2018). Instead, I estimated shadow length around urban buildings and street trees 
using a uniform buffer. 
Assumptions: 

• Shadow length at 3pm on September 1st provides a conservative estimate of the maximum shadow length to occur 
during the peak growing season (July-August) 

• The majority of buildings in the study area are residential (City of Ottawa, 2010). The majority of residential dwellings in 
Ottawa are detached dwellings under 5 stories (Statistics Canada, 2016). I selected 3 stories (~9 m) as an estimate for 
building heights 

• I estimated average street tree height at 14.02 m and canopy width at 10.36 m, based on the average size of Ottawa’s 
most common street trees (See Appendix B) 

• I used the Latitude and Longitude of the Rideau Centre in downtown Ottawa, 45.42, -75.69, as the coordinates to 
determine solar angle (LatLong.net, 2019), and used an online calculator (Jumk, 2019) to determine shadow length 
based on object height and solar angle. 

• 11.13 m buffer added to all building footprints, 
17.32 m buffer added to all street trees Street Trees (City of 

Ottawa, 2015b), 
Urban Buildings (City 
of Ottawa, 2018d) 
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Table 3.6 Continued – Summary of Inventory Map Creation and Rationale 

Map 
Site Components 
Addressed 

Map Development Rationale Action Taken Datasets Used 

N
a
tu

ra
l 
F

e
a

tu
re

s
 

Vegetation, 
Wildlife, Natural 
Areas 

• Natural areas can provide valuable wildlife habitat and provide ecosystem services such as stormwater attenuation, 
erosion control, and filtration and purification of air and water (Forman, 2015) 

• Ecological buffers are permanently vegetated zones surrounding natural heritage areas that are designed to protect the 
natural heritage area features and functions from potentially adverse effects of adjacent land uses (Beacon 
Environmental, 2012). Buffer functions can include improving water quantity and quality, protecting core habitat areas, 
and screening from human disturbance. Guidelines for optimal buffer width range from 30 m-120 m+ depending on the 
feature being buffered and the desired buffer functions (Beacon Environmental, 2012). 

• Certain types of permanently vegetated, carefully managed agro-forestry systems share characteristics with natural 
areas and ecological buffers, and may confer similar functions (Clark & Nicholas, 2014; Schoeneberger et al., 2012). 

• The Natural Lands Map identifies all land in the study site with the potential to act as a natural area, buffer, or corridor 
between natural areas 

 

• All natural lands ranked as “Contributing” in the 
City of Ottawa’s (2006d) Natural Lands 
evaluation are added to Natural Features Map 

• All lands included in the least 5% and 10% cost 
corridors in the City of Ottawa’s (2013a) natural 
landscape linkage analysis (See Appendix C) 
are added to the Natural Features Map 

• All land within a 30 m buffer of a watercourse 
and 60 m buffer of a Primary or Supporting 
Natural Land, as defined by the City of 
Ottawa’s (2006a) Greenspace Master Plan, are 
added to the Natural Features Map 

• Corridor lines representing the most direct 
route between natural land patches were 
drawn, given a 120 m width, and added to the 
Natural Features Map 

• Polygons were drawn around disparate natural 
land patches within 100 m of one another and 
added to the Natural Features Map 

Natural Lands (City of 
Ottawa, 2006d) 
Road Segments (City 
of Ottawa, 2019b) 
Rivers (City of 
Ottawa, 2018c) 
Water Bodies (City of 
Ottawa, 2019d) 

W
e
tl
a
n

d
s
 

Hydrology, 
Wetlands, 
Vegetation 

• Numerous wetland areas exist in the study area that are not captured by the Natural Features Map. As these areas may 
have important ecological functions and may have temporary or permanent standing water that limits the types of 
agricultural crops that could be cultivated, they warrant special consideration 

• All areas identified as SOLRIS (OMNR, 2002) 
categories 50 (Swamps) and 63 (Marshes) 
were added to the Wetlands Map 
*No Fens or Bogs appeared in the study area 

SOLRIS (Southern 
Ontario Land 
Resource Information 
System) (OMNR, 
2002) 

C
o
n
ta

m
in

a
ti
o
n

 R
is

k
 

Land Use, 
Infrastructure, 
Soils 

• Past and present land uses can result in the deposition of contaminants in and on soil and plant surfaces. These 
contaminants can pose health risks to individuals who maintain, harvest and/or consume the plants. Urban contaminants 
often fall into the categories of Metals (ex. arsenic, lead, cadmium) and PAHs (polycyclic aromatic hydrocarbons). The 
risk of encountering contaminants on a site can be estimated based on past and present land uses. (Archbold & 
Goldacker, 2011; Shayler et al., 2009) 

• Archbold and Goldacker (2011) categorize land uses into Low, Medium and High Risk for contamination, and outline 
strategies to minimize associated health risks according to the level of risk present on a site 

• Past or present land uses that can be identified in the study area through GIS datasets, and that present Medium Risk 
for contamination include: hydro corridors, commercial land uses, former landfills, within 30 m of rail lines or major 
arterial roads. Those that present High Risk for contamination include: industrial lands and rail lines. 

• All lands falling into the medium and high risk 
categories are mapped as Contamination Risk 
lands 

Land Use (City of 
Ottawa, 2010) 
Road Segments (City 
of Ottawa, 2019b) 
Railways (City of 
Ottawa, 2013c) 
Former Landfills (City 
of Ottawa, 2018a) 
Hydrolines (City of 
Ottawa, 2018b) 
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Figure 3.7 Inventory Map of Soil Drainage Classes in Study Site 

 

Figure 3.8 Inventory Map of Slope Classes in Study Site 

 

Figure 3.9 Inventory Map of Solar Access in Study Site 

 

Figure 3.10 Inventory Map of Natural Feature Areas in Study Site 

 

Figure 3.11 Inventory Map of Wetlands Occurring in Study Site 

 

Figure 3.12 Inventory Map of Contamination Risk Areas in Study Site 
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3.5 Step 4. Identify Landscape Units to Describe the Study Area 

 Landscape units (LUs) are categories created to identify areas of land sharing 

the same landscape attributes. Landscape units communicate information about the 

landscape in a spatially specific, simplified and concise form, to inform land use 

decisions (Brown, 2008). They can be identified by overlaying maps representing 

specific site resources to determine where particular landscape characteristics coincide 

in the same land area. Landscape units need to be simplified enough that they provide 

clear direction on land use decisions, but detailed enough to be meaningful. The 

generally accepted number of landscape units to achieve this balance is around ten 

(Brown, 2008). To achieve the ideal number of landscape units, it is often necessary to 

reduce the number of maps in the original overlay, to reduce the number categories 

within each map, and to collapse similar landscape units into one. 

3.5.1 GIS Map Overlay 

 I formatted the inventory maps from Step 3 to ensure that they contained binary 

or descriptive values for all land area covered in the map of available land and assigned 

unique identifier values for each landscape attribute of each map. I converted all vector 

data into raster data. See Figures 3.13-3.18 for raster layers with unique identifiers, 

clipped to the available land. I then “overlaid” the resulting six raster maps using the 

Raster Combine tool, which preserved the original unique landscape attribute identifiers, 

and created a new raster output value for each unique overlay combination of 

landscape attribute input values. 
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 The map overlay produced 119 unique output values for combinations of shared 

landscape attributes (See Appendix D), distributed across the study area (See Figure 

3.19)
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Figure 3.13 Drainage Raster with Unique Identifier Numbers 

 

 

Figure 3.14 Slope Class Raster with Unique Identifier Numbers 

  
 
Figure 3.15 Solar Access Raster with Unique Identifier Numbers 

 

Figure 3.16 Natural Features Raster with Unique Identifier Numbers 

 

Figure 3.17 Wetlands Raster with Unique Identifier Numbers 

  
 
Figure 3.18 Contamination Risk Raster with Unique Identifier Numbers 
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 Figure 3.19 Total Unique Overlay Combinations Resulting from Raster Combine of Inventory Map Layers
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3.5.2 Collapsing Landscape Units 

 The 119 unique output values of the map overlay represent the original 

landscape units. I iteratively collapsed combinations of the original landscape units 

together and reclassified each of these groupings as a single landscape unit. 

 I began by ranking the landscape attributes that would exert a dominant influence 

on agricultural and/or ecological land uses: 

1. High or Medium Contamination Risk 

2. Wetland 

3. Natural Feature 

4. High Slopes 

5. Sun 

6. Drainage 

7. Parcel Size 

 I identified landscape units containing the most dominant landscape attribute and 

collapsed together those units therein that would have similar implications for food 

production, ecology, or both. A summary of land-use considerations and implications 

based on landscape attributes is provided in Table 3.7. I iteratively proceeded down the 

list, repeating the process for the remaining original landscape units containing the next 

most dominant landscape attribute. Upon finalizing the landscape units, the original 

overlay values were reclassified to reflect the new units, and the map overlay converted 

from raster back to vector, to allow for analysis of parcel areas. Note that 2.08 km2 of 
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total available land area was lost in the conversion from raster to vector, from 89.80 km2 

to 87.72 km2.  A summary of the original landscape unit collapsing process and 

identification of final landscape units is provided in Table 3.8. The distribution of the final 

landscape units across the available land is shown in Figure 3.20. The total land area 

for each landscape unit is shown in Table 3.9. 
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Table 3.7 Land Use Considerations & Implications based on Landscape Attributes 

Landscape 
Attribute 

Considerations Implications 

High 
Contamination 
Risk 

• The City of Toronto has developed guidelines for urban 
gardening in areas at risk for contamination (Archbold & 
Goldacker, 2012). They describe three classifications for 
contamination risk: low, medium and high, based on past 
and present land use on and adjacent to the site 

• For land with high risk for contamination, they recommend: 

• Minimizing contact with native soil AND 

• Separating growth medium from native soils (i.e. raised 
beds)  
OR 

• Growing only nut and fruit trees 

• Woody fruit and nut 
production only 

• Avoid soil disturbance 

• Avoid water runoff 

• Organic matter fertility 
supplements only 
 
 

Medium 
Contamination 
Risk 

• For land with medium risk contamination, they City of 
Toronto Guidelines (Archbold & Goldacker, 2012) 
recommend: 

• Minimize contact with native soil 
AND 

• Grow only a restricted set of crops (tomato, corn, barley, 
oat, rice (dryland), rye, soybean, sunflower, wheat, or 
woody plants 

• Eat only the fruit/nut/seed, not roots/shoots/leaves 

• As above, with option to 
grow additional permitted 
crops 

Wetland • Certain crops that do no bioaccumulate contaminants in 
dryland cultivation do in submerged cultivation (ex. rice) 
(Oregon Health Authority, 2016) 

• Numerous edibles can be grown in submerged or partially 
submerged conditions (ex. cranberry, rice, wild rice) 
(Agriculture & AgriFood Canada, 2015; Peterson, 1977) 

• Wetlands can provide important habitat, foraging and 
breeding areas for diverse wildlife, and play a role in water 
filtration and infiltration (Daigle & Havinga, 2000; Marsh, 
1998) 

 

• No cultivation in areas 
with contamination risk 

• Minimize production 
disturbances 

• Cultivate plants 
appropriate to wetland 
habitat 

Natural 
Feature 

• City of Ottawa is in the northern extent of the Mixedwood 
Plains Ecozone, Region 6E (Lake Simcoe-Rideau) (Crins 
et al., 2009). The predominant ecosystems in the region 
are mixed forests (deciduous and coniferous) and 
wetlands.  

• In the study area, natural lands of ecological importance 
are remnant forest patches, woodlands, wetlands, and 
stream corridors (City of Ottawa, 2006a).  

• Desirable characteristics of buffers, corridors and stepping 
stones linking these natural areas include: 

• Wooded, with native plantings (Beacon 

Environmental, 2012; Forman, 2014) 

• Vertical stratification (canopy, subcanopy, understory, 

shrub, herbaceous) (Forman, 2014) 

• Minimal human disturbance (Beacon Environmental, 

2012) 

• Biodiverse (variety of plant communities, species, and 

genetic types) (Forman, 2014) 

Prioritize: 

• Woodland native 
plantings 

• 4+ layers of vertical 
stratification 

• High species biodiversity 

• Minimal environmental 
disturbance 

High Slopes • Prone to erosion (FAO, 1988) 

• Impractical/unsafe for large & mechanized equipment 
(Cornell University, n.d.; University of Illinois, 2019)  

Prioritize: 

• Plant material with 
extensive root systems 

• Continual ground cover 

• Unmechanized 
production 
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Table 3.7 continued 

Landscape 
Attribute 

Considerations Implications 

Medium 
Slopes 

• Can improve surface drainage, particularly on poorly-
draining soils 

• Moderate risk for erosion 
 

• Avoid prolonged periods 
of bare ground 

Low Slopes • Low risk for water-triggered erosion, safer for large & 
mechanized equipment 

• Potential for water pooling in poorly drained areas 

• Very few restrictions to 
production 

Full Sun • Plants are adapted to the light conditions of their natural 
environments (McMahon et al., 2011) 

• Common commercial field & row crops require full sun 
(McMahon et al., 2011) 

• Cultivate crops suited to 
full sun, possibility to 
incorporate 
vegetation/structures for 
shade provision 

Part Sun-
Shade 

• Woodland plants & some non-fruiting crops (ex. greens, 
root crops) are productive in partial sun-shade (McMahon 
et al., 2011) 

• Cultivate crops suited to 
partial sun and shade 

Well-Drained 
Soil 

• Often contain a high percentage of sand (OMNDMF, 2007) 

Sandy soils have the following characteristics (McMahon et 

al., 2011): 

• Good aeration 

• Good drainage 

• Fast rates of permeability 

• Warm quickly in spring 

• Easy workability 

• Low water holding capacity 

• Susceptible to erosion 

• Low nutrient retention 

• Supplemental fertility and 
irrigation may be required 

• Prioritize permanent 
ground cover for erosion 
control 

Poorly-
Drained Soil 

• Often contain a high percentage of clay (OMNDMF, 2007)  

Clay soils have the following characteristics (McMahon et 

al., 2011): 

• Poor aeration 

• Poor drainage 

• Slow rates of permeability 

• Warm slowly in spring 

• Poor workability 

• High water holding capacity 

• Resistant to erosion 

• High nutrient retention 

 

• Earthworks or tile 
drainage may be 
required to improve 
drainage 

• Avoid use of heavy 
machinery to minimize 
compaction 

Parcel Size < 
¼ acre 

• Large machinery and large-scale production practices 
impractical 

• Prioritize small-scale, 
intensive practices 

Parcel Size 
>/= ¼ acre 

• Large machinery and large-scale production practices may 
be practical, depending on parcel shape & size 

• Prioritize production that 
gains significant 
efficiency and 
productivity at larger 
scales 
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Table 3.8 Summary of Landscape Unit Reduction Process 

Landscape Unit ONE TWO THREE FOUR FIVE SIX SEVEN EIGHT NINE A NINE B TEN 
ELEVEN 

A 
ELEVEN 

B 
TWELVE A 

TWELVE 
B 

Priority Overlay Contamination Wetlands Natural Features 
High 

Slopes 
Low and Medium Slopes 

O
ri

g
in

a
l 

C
o

m
b

in
a

ti
o

n
s

 C
o

ll
a
p

s
e

d
 

Med or 
High 
Contamina
tion > 
Wetland  

High 
Contamina
tion > 
Natural 
Feature 
  
Medium 
Risk 
Contamina
tion> 
natural 
feature 

High Contamination > Not a Natural 
Feature  
 
Medium Contamination > Not a 
Natural Feature > High slopes > Any 
Sun > Any Drainage 
 
Medium Contamination > Not a 
Natural Feature > Any Slopes > 
Shady > Any Drainage 
 
Medium Contamination > Not a 
Natural Feature > Any Slopes > Poor 
Drainage > Any Sun 

Medium Risk 
Contaminatio
n > Not a 
Natural 
Feature > 
Low & 
Moderate 
Slopes > 
Good 
Drainage > 
Sunny  

Natural Feature or NO > 
Any Sun (all assumed to 
be full sun/part shade 
due to lack of trees) > 
Any Slope (Slopes 
assumed to refer to 
depression not 
surrounding landscape) > 
Any drainage (all 
drainage assumed to be 
poor)  

High Slopes > 
Any Drainage > 
Any Sun                    
 
Any Slopes > 
Poor Drainage > 
Any Sun 
 
Any Slopes > 
Shade > Any 
Drainage 

Low & 
Medium 
Slopes > 
Good 
Drainage 
> Sunny  

Any 
drainage 
> Any 
Sun  

Low & 
Medium 
Slopes > 
Sunny > 
Well 
Drained  
 
< ¼ acre 

Low & 
Medium 
Slopes > 
Sunny > 
Well 
Drained  
 
>/= ¼ 
acre 

Medium 
Slopes > 
Sunny > 
Poorly 
Drained  
 
>/= ¼ 
acre 

Low 
Slopes > 
Sunny > 
Poor 
Drainage 
 
< ¼ acre 

Low 
Slopes > 
Sunny > 
Poor 
Drainage 
 
>/= ¼ 
acre 

Low Slopes 
> Shade > 
Poor 
Drainage 
 
Medium 
Slopes > 
Shady > Any 
Drainage 
 
Low Slopes 
> Shade > 
Good 
Drainage > 
less than 
1ha 

Low 
Slopes > 
Shade > 
Poor 
Drainage 
 
Medium 
Slopes > 
Shady > 
Any 
Drainage 
 
Low 
Slopes > 
Shade > 
Good 
Drainage 
 
>/= ¼ 
acre 
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Figure 3.20 Final 12 Landscape Units Resulting from Collapsing of Original 119 Landscape Units
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Table 3.9 Total Area of Landscape Units 

Landscape 
Unit 

Number of 
Parcels 

Total Area ha Total Area km2 

1 113 10.1 0.10 

2 4508 820.4 8.20 

3 9091 1250.9 12.51 

4 816 79.9 0.80 

5 336 49.9 0.50 

6 10355 1882.8 18.83 

7 1141 705.7 7.06 

8 3927 238.9 2.39 

9A 747 15.1 0.15 

9B 207 440.3 4.40 

10 394 106.5 1.07 

11A 2699 59.0 0.59 

11B 619 692.7 6.93 

12A 28409 427.9 4.28 

12B 1036 1990.7 19.91 

TOTALS 64398 8770.8 87.72 
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3.6  Step 5. Develop Urban Food Production Typologies to Fit the 
Landscape 

 To determine what kinds of in-ground, open-air urban agricultural production 

would occur in the landscape, I developed urban food production typologies. I 

developed the typologies to meet overarching ecological and food production objectives 

across all typologies. 

 The overarching ecological objective was to facilitate ecosystem buffering and 

connectivity (See Chapter 1, Section 1.2) and to minimize environmental degradation 

with food production systems that are suited to the intrinsic opportunities and 

constraints of the landscape. Guiding principles from Table 2.1 were employed to meet 

this objective.  

 The food production objective was: to grow all of the kinds of foods needed for a 

balanced, healthy diet, including grains, pulses, fruits, vegetables and protein foods. 

 To guide the process of generating agricultural typologies, I created a matrix to 

assess the suitability of landscape attributes for different production practices (See 

Table 3.10), and a matrix to assess the suitability of landscape attributes for different 

agricultural products (See Table 3.11). These matrices were generated based on the 

considerations outlined in table 3.7.  

 In an iterative process for each landscape unit, I identified the associated 

landscape attributes of the landscape unit in each Suitability Matrix, and noted the 

suitable production practices and products. These suitable practices and products, 
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along with the overarching ecological and food production objectives, guided the 

development of each typology.  

 I described each typology in terms of its primary and secondary food products, 

and the production practices it employs. 

 The result was a food production typology for each landscape unit. An overview 

of each typology is provided in Table 3.12. A detailed description of each typology is 

included in Chapter 4, Table 4.1. 

 While each typology was developed specifically for a particular landscape unit, 

this did not provide assurance that assigning each typology to its respective landscape 

unit was the optimum distribution of the typologies across all of the available land. To 

determine the optimum distribution across the landscape, I conducted and analyzed a 

capability/suitability assessment in Steps 6 & 7. 
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Table 3.10 Suitability Matrix for Landscape Attributes and Food Production Practices 

Practices Irrigation Fertility Mechanization 
Soil 

Disturbance Spatial Layout  

Pest 
Managemen

t 
Ground 
Cover 

Species 
Composition 

Plant 
Community Species Diversity 

Structural 
Diversity 

Site 
Conditions 

H
ig

h
 

M
e
d

iu
m

 

L
o

w
 

S
y
n

th
e
ti

c
 

O
rg

a
n

ic
 (

c
o

m
p

o
s
t,

 

m
a
n

u
re

) 

N
o

n
e

 

H
e
a
v

y
 M

a
c
h

in
e

ry
 

L
ig

h
t 

M
a
c
h

in
e

ry
 

M
a
n

u
a
l 

T
il
l 

N
o

 T
il
l 

R
o

w
s

 

In
te

rc
ro

p
 

D
e
n

s
e
 I
n

te
rc

ro
p

 

P
e
s
ti

c
id

e
s

 

O
rg

a
n

ic
 I
n

te
g

ra
te

d
 

P
e
s
t 

M
a
n

a
g

e
m

e
n

t 

In
c
o

n
s
is

te
n

t 

C
o

n
ti

n
u

o
u

s
 

A
n

n
u

a
l 

P
e
re

n
n

ia
l 

W
o

o
d

y
 

In
tr

o
d

u
c
e
d

 

N
a
ti

v
e

 

L
o

w
 (

m
o

n
o

) 

M
e
d

iu
m

 

H
ig

h
 

L
o

w
 

M
e
d

iu
m

 

H
ig

h
 

Shade                                                           

Sun                                                           

Well-
Drained                                                           

Poorly 
Drained                                                           

Low Slope                                                           

Med Slope                                                           

High Slope                                                           

Natural 
Feature 
Value                                                           

Low Natural 
Feature 
Value                                                           

Low 
Contaminati
on Risk                                                           

Medium 
Contaminati
on Risk                                                           

High 
Contaminati
on Risk                                                           

Wetland                                                           

Large Scale                                                           

Small Scale                                                           

 

Suitability = High Medium Low No Relationship  
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Table 3.11 Suitability Matrix for Landscape Attributes and Food Products 

Food Products Greens Herbs Roots/Tubers 
Fruiting 

Vegetables Cereals Pulses Seeds 

Tree/Shrub 
Nuts - 

Woodland 

Tree/Shrub 
Fruits - 

Woodland 

Tree/Shrub 
Nuts - 

Orchard 

Tree/Shrub 
Fruits - 
Orchard 

Small 
Livestock 
 (Birds, 

Rabbits) 

Grazing 
Livestock 
(Goats, 
Sheep) 

Foraging 
Livestock 

(Pigs) Mushrooms 

Site Conditions  

Shade                               

Sun                               

Well-Drained                               

Poorly Drained                               

Low Slope                               

Med Slope                               

High Slope                               

Natural Feature Value                               

Low Natural Feature Value                               

Low Contamination Risk                               

Medium Contamination 
Risk                               

High Contamination Risk                               

Wetland                               

Large Scale                               

Small Scale                               

 

Suitability = High Medium Low No Relationship  
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Table 3.12 Overview of Food Production Typologies Developed to Respond to Landscape Unit Characteristics 

L
a
n

d
s
c
a
p

e
 U

n
it

 ONE TWO THREE FOUR FIVE SIX SEVEN EIGHT NINE A NINE B TEN 
ELEVEN 

A 
ELEVEN B TWELVE A TWELVE B 

Contaminated 
Wetland 
Areas 

Medium/High 
Contamination 
Risk & Natural 

Feature 

Medium/High 
Contamination 
Risk & Not a 

Natural 
Feature 

Medium 
Contamination 

Risk, 
Low/Moderate 
Slopes, Sunny, 
Good Drainage 

Wetlands 

Natural 
Feature, 

Diversity of 
Slopes, Sun 
& Drainage 

Natural 
Feature, 

Low/Medium 
Slopes, Good 
Drainage & 

Sunny 

High Slopes, 
any Drainage 

& Sun 

Low/Medium 
Slopes, 

Sunny, Well-
Drained, < ¼ 

acre 

Low/Medium 
Slopes, 

Sunny, Well-
Drained, >/= 

¼ acre 

Medium 
Slopes, 
Sunny, 
Poorly 

Drained, >/= 

¼ acre 

Low 
Slopes, 
Sunny, 
Poorly 

Drained, 
< ¼ acre 

Low 
Slopes, 
Sunny, 
Poorly 

Drained, 
>/= ¼ acre 

Low/Mediu
m Slopes, 

Shady, 
Variable 

Drainage, < 
¼ acre 

Low/Mediu
m Slopes, 

Shade, 
Variable 

Drainage, 
>/= ¼ acre 

P
ro

d
u

c
ti

o
n

 

T
y
p

o
lo

g
y

 NONE, 
Unsuitable 

for 
Production 

Native Nut 
Foraging 

Forest 

Plantation 
Fruit and Nut 
Production 

Orchard 
Edible 

Wetland 
Garden 

Native 
Food 

Forest 

Organic 
Perennial 

Polyculture 

"Convention
al" Food 
Forest 

Row Crops Field Crops Silvopasture 
Intensiv

e 
Garden 

No-Till 
Field 

Crops & 
Livestock 

Mixed 
Shade 

Productio
n 

Roots and 
Shoots 

C
h

a
ra

c
te

ri
z
a
ti

o
n

 

  

A forest-like 
vegetation 
community of 
primarily native 
species. Non-
mechanized 
foraging for 
fruits and nuts 
of woody 
species is 
permitted. 
Minimizing soil 
disturbance 
and 
maintenance 
intensity is a 
priority. 
Production for 
harvest of 
roots, shoots or 
leaves is 
prohibited. 

Fruits and 
nuts of woody 
plant species 
are produced 
using 
conventional 
layouts. 
Monocultures 
or low 
diversity 
plantings are 
an option. 
Minimizing soil 
disturbance is 
a priority. 
Production for 
harvest of 
roots, shoots 
or leaves is 
prohibited. 

Typical orchard 
plantings for 
harvest of fruits 
and/or nuts 
only. 
Conventional 
practices are 
permitted but 
soil disturbance 
must be 
minimized. 

Edible 
native and 
naturalized 
wetland 
species are 
grown in 
polycultures 
and 
harvested 
for 
consumption
. Chemical 
inputs and 
mechanical 
harvesting 
are 
prohibited. 

A forest 
garden of 
native and 
naturalized 
species 
selected for 
their 
edibility. 
Diversity of 
species, 
vertical 
structure, 
and edible 
products is 
high. 

A diverse mix 
of edible 
perennial 
vegetables, 
herbs and root 
crops, with a 
priority on 
incorporating 
native flowers 
and shrubs. 

A forest - like 
garden of 
non-invasive 
woody and 
herbaceous 
species and 
cultivars with 
vegetables 
and seeds in 
full sun 
areas. 

Conventional 
annual 
vegetables, 
grown in rows 
or as 
intercrops. 

Conventiona
l cereals, 
pulses and 
oilseeds, 
grown in 
large 
swaths/mon
ocultures. 

Livestock 
pasture 
grown under 
staggered 
trees. Both 
livestock and 
tree products 
can be 
harvested for 
consumption. 

Small-
scale, 
intensive, 
no - till 
productio
n of 
vegetabl
es and 
herbs. 

Convention
al cereal, 
pulse and 
seed 
Production 
Mixed with 
Livestock 

Small-scale 
intensive 
production 
of shade-
tolerant 
edibles and 
small-scale 
livestock. 

Large-
scale 
production 
of crops 
tolerant of 
partial 
shade, 
such as 
greens and 
root crops. 
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3.7 Step 6. Conduct a Landscape Capability and Suitability 
Assessment 

 A landscape capability assessment determines, in as objective a manner 

possible, the “…inherent capacity of an area to be used for different activities” (Brown, 

2008, p. 9). A landscape suitability assessment determines the most appropriate use of 

an area for different activities, considering subjective human values (Brown, 2008; 

LaGro, 2013; McHarg, 1969). 

 I created a matrix (See Table 3.13) to assess each landscape unit for each food 

production typology, and to note the capability and suitability. Capability was assessed 

as either capable or not capable. Suitability was assessed as either high, medium or 

low. 

Assumptions made in assessing capability and suitability of the landscape include: 

• No removal of trees or built infrastructure to alter solar access 

• Additional shade can be created by the addition of vegetation or constructed 

shade structure 

• No draining of wetlands  

• Drainage of poorly-drained soil can be improved, for instance, through swales or 

tile drainage 

• Assessment of suitability includes consideration for other typologies and the 

overall landscape context, for example, if another highly valued but restricted 

type of production could make better use of the landscape unit in question
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Table 3.13 Capability/Suitability Matrix for Landscape Units and Urban Food Production Typologies     

Capability (C) = Yes (Y) / No (X)     Suitability (S) = High (H)/ Medium (M)/ Low (L) 

 

 

Production Type  
 

Native Nut Foraging Forest 
Plantation Fruit and Nut 

Production Orchard Edible Wetland Garden Native Food Forest 
Organic Perennial 

Polyculture 
"Conventional" Food 

Forest 

P
ri

m
a

ry
 I

n
fl

u
e

n
c
e
 

  

A forest-like vegetation community of 
primarily native species. Non-

mechanized foraging for fruits and 
nuts of woody species is permitted. 

Minimizing soil disturbance and 
maintenance intensity is a priority. 

Production for harvest of roots, 
shoots or leaves is prohibited. 

Fruits and nuts of woody 
plant species are produced 
using conventional layouts. 

Monocultures or low diversity 
plantings are an option. 

Minimizing soil disturbance is 
a priority. Production for 

harvest of roots, shoots or 
leaves is prohibited. 

Typical orchard 
plantings for 

harvest of fruits 
and/or nuts only. 

Conventional 
practices are 

permitted but soil 
disturbance must 

be minimized. 

Edible native and 
naturalized wetland 

species are grown in 
polycultures and 

harvested for 
consumption. Chemical 
inputs and mechanical 

harvesting are prohibited. 

A forest garden of 
native and naturalized 
species selected for 

their edibility. Diversity 
of species, vertical 

structure, and edible 
products is high. 

A diverse mix of edible 
perennial vegetables, 
herbs and root crops, 

with a priority on 
incorporating native 
flowers and shrubs. 

A forest - like garden of 
non-invasive woody and 

herbaceous species 
and cultivars with 

vegetables and seeds in 
full sun areas. 

 

Landscape Unit  
 

C S C S C S C S C S C S C S 

M
e

d
iu

m
 -

 H
ig

h
 C

o
n

ta
m

in
a

ti
o

n
 

R
is

k
 

ONE 
Contaminated Wetland Areas 

X L X L X L Y L X L X L X L 

TWO  
High or Medium Contamination Risk + Natural 
Feature 

Y H Y L X L X L Y L Y L Y L 

THREE  
Medium/High Contamination Risk & Not a Natural 
Feature 

Y M Y H X L X L Y L Y L Y L 

FOUR 
Medium Contamination Risk, Low/Moderate Slopes, 
Sunny, Good Drainage 

Y M Y H Y H X L Y L Y L Y L 

W
e

tl
a

n
d

 

FIVE 
Wetland Areas 

X L X L X L Y H X L X L X L 

N
a
tu

ra
l 

F
e

a
tu

re
s
 

SIX 
Natural Features + High Slope Areas + Poorly 
Drained Areas + Shaded Areas   

Y H Y L X L X L Y H Y M Y L 

SEVEN 
Natural Features + Sunny, Well Drained, Low & 
Moderate Slopes 

Y H Y L Y L X L Y H Y H Y L 

H
ig

h
 

S
lo

p
e

s
 EIGHT 

High Slopes (Any Drainage, Any Sun) 
Y M Y M X L X L Y H Y M Y H 

L
o

w
 a

n
d

 M
e

d
iu

m
 S

lo
p

e
s

 

NINE A 
Low & Medium Slopes, Sunny, Well Drained & < ¼ 
acre 

Y M Y M Y M X L Y M Y M Y M 

NINE B 
Low & Medium Slopes, Sunny, Well Drained & >=1ha 

Y M Y M Y H X L Y M Y M Y M 

TEN 
Medium Slopes, Sunny, Poorly Drained & >/= ¼ acre 

Y M Y M Y L X L Y M Y M Y M 

ELEVEN A 
Low Slopes, Sunny, Poorly Drained & < ¼ acre 

Y M Y M Y L X L Y M Y H Y M 

ELEVEN B 
Low Slopes, Sunny, Poorly Drained, >/= ¼ acre 

Y M Y M Y L X L Y M Y M Y H 

TWELVE A  
Low/Medium Slopes, Shady, Variable Drainage, < ¼ 
acre 

Y M Y M X L X L Y H Y M Y H 

TWELVE B 
Low/Medium Slopes, Shade, Variable Drainage, >/= 
¼ acre  

Y M Y M X L X L Y H Y M Y H 
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Table 3.13 Continued   

Capability (C) = Yes (Y) / No (X)    Suitability (S) = High (H)/ Medium (M)/ Low (L) 

P
ri

m
a

ry
 I

n
fl

u
e

n
c
e
 

 

Production Type 
 

Row Crops Field Crops Silvopasture Intensive Garden 
No-Till Field Crops & 

Livestock Mixed Shade Production Roots and Shoots 

 
Conventional annual 
vegetables, grown in 
rows or intensively 

Conventional cereals, 
pulses and oilseeds, 

grown in large 
swaths/monocultures. 

Livestock pasture grown 
under staggered trees. 
Both livestock and tree 

products can be harvested 
for consumption. 

Small-scale, intensive, no 
- till production of 

vegetables. 

Conventional Cereal, 
Pulse and Seed 

Production Mixed with 
Livestock 

Small-scale intensive 
production of shade-

tolerant edibles and small-
scale livestock. 

Large-scale production 
of partial-shade-tolerant 

crops. 

 

 

Landscape Unit 
 

Capability Suitability Capability Suitability Capability Suitability Capability Suitability Capability Suitability Capability Suitability Capability Suitability 

M
e

d
iu

m
 -

 H
ig

h
 C

o
n

ta
m

in
a

ti
o

n
 

R
is

k
 

ONE 
Contaminated Wetland Areas 

X L X L X L X L X L X L X L 

TWO  
High or Medium Contamination Risk + Natural 
Feature 

X L X L Y L X L X L Y L Y L 

THREE  
Medium/High Contamination Risk & Not a Natural 
Feature 

X L X L Y L X L X L Y L Y L 

FOUR 
Medium Contamination Risk, Low/Moderate Slopes, 
Sunny, Good Drainage 

Y L Y L Y L Y L Y L Y L Y L 

W
e

tl
a

n
d

 

FIVE 
Wetland Areas 

X L X L X L X L X L X L X L 

N
a
tu

ra
l 

F
e

a
tu

re
s
 SIX 

Natural Features + High Slope Areas + Poorly 
Drained Areas + Shaded Areas 

X L X L Y L X L X L Y L Y L 

SEVEN 
Natural Features + Sunny, Well Drained, Low & 
Moderate Slopes 

Y L Y L Y L Y L Y L Y L Y L 

H
ig

h
 

S
lo

p
e

s
 

EIGHT 
High Slopes (Any Drainage, Any Sun) 

X L X L Y M X L X L Y L Y L 

L
o

w
 a

n
d

 M
e

d
iu

m
 S

lo
p

e
s

 

NINE A 
Low & Medium Slopes, Sunny, Well Drained & < ¼ 
acre 

Y H Y M Y M Y H Y L Y M Y L 

NINE B 
Low & Medium Slopes, Sunny, Well Drained & >/= ¼ 

acre 
Y H Y H Y H Y M Y H Y L Y M 

TEN 
Medium Slopes, Sunny, Poorly Drained & >/= ¼ acre 

Y M Y M Y H Y M Y M Y L Y M 

ELEVEN A 
Low Slopes, Sunny, Poorly Drained & < ¼ acre 

Y M Y L Y L Y H Y L Y M Y L 

ELEVEN B 
Low Slopes, Sunny, Poorly Drained, >/= ¼ acre 

Y M Y M Y H Y M Y H Y L Y M 

TWELVE A  
Low/Medium Slopes, Shady, Variable Drainage, < ¼ 
acre 

X L X L Y L X L X L Y H Y M 

TWELVE B 
Low/Medium Slopes, Shade, Variable Drainage, >/= ¼ 

acre 
X L X L Y M X L X L Y M Y H 
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3.8 Step 7: Assign Distribution Pattern of Production Typologies 
Across Landscape Units 

 The final step to create the Normative Landscape Design was to assign the 

distribution pattern of food production typologies across the landscape units. 

 I analyzed the Capability-Suitability Matrix (Shown in Table 3.13) and applied the 

following guidelines to determine typology distribution: 

o Where a landscape unit had only one typology for which it is both capable and 

highly suitable, it was assigned that typology. 

o Where a landscape unit was capable and highly suitable for a typology that was 

not capable and highly suitable for any other landscape unit, it was assigned that 

typology. 

o Where a landscape unit was capable and highly suitable for multiple typologies, 

consideration was given to assigning the typology that: contained the fewest 

restrictions on what could be grown, produced a highly valued food product, 

and/or that best contributed to the diversity of the overall urban production 

system.  

Table 3.14 outlines the justifications for typology distribution and Table 3.15 outlines the 

selections. 
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Table 3.14 Considerations Influencing the Distribution of Food Production Typologies Across 
Landscape Units 

Landscape 
Unit 

Total 
Area 
km2 

Production Type – First 
Round of Distribution  
LU has no other typology with 
High Cap-Suit and/or 
typology has no other LU with 
High Cap-Suit Production Type - Second Round of Distribution 

1 0.10 NONE  

2 8.20 

NATIVE NUT FORAGING 
FOREST 

 

3 12.51 

PLANTATION FRUIT AND 
NUT PRODUCTION 

 

4 0.80 

 

ORCHARD FRUITS AND NUTS 
LU 4's only other high cap-suit is Plantation Fruit and Nut. 
Sunny & well drained areas are at a premium, and 
contamination risk limits this to woody fruit or nut production 
- take advantage of opportunity for orchard species. 

5 0.50 
EDIBLE WETLAND  

6 18.83 

 

NATIVE FOOD FOREST 
Many landscape units have high cap-suit for this production 
type, however LU 5 has only on other production type that it 
is capable and highly suitable of supporting (Native Nut 
Foraging Forest), which is more restrictive. 

7 7.06 

 

ORGANIC PERENNIAL POLYCULTURE 
Only other typologies suitable for this LU (Native Food 
Forest, Nut Forest) already have significant area dedicated 
to them. This typology offers an opportunity for greater 
habitat diversity & more full sun crops. 

8 2.39 

 

CONVENTIONAL FOOD FOREST 
Only other typology with High Cap-Suit for this LU is Native 
Food Forest, which already has significant km2. Conv. Food 
Forest is an opportunity to grow a greater diversity of crops. 

9A 0.15 

 

ROW CROPS 
Only other LU with high cap-suit for this typology is 9B, but 
priority distribution given to field crops (no other LU with high 
cap-suit). 

9B 4.40 FIELD CROPS  

10 1.07 SILVOPASTURE  

11A 0.59  

INTENSIVE GARDEN 
Competing typology (only one with high cap-suit for this LU) 
is Perennial Polyculture. Given difficulty of finding space for 
traditional vegetables, take advantage of this opportunity. 

11B 6.93 
NO-TILL FIELD CROPS & 

LIVESTOCK  

12A 4.28 
MIXED SHADE 
PRODUCTION  

12B 19.91 ROOTS & SHOOTS  
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Table 3.15 Assignment of Food Production Typologies to Landscape Units 

Capability (C) = Yes (Y) / No (X)  Suitability (S) = High (H)/ Medium (M)/ Low (L) 
LU is Capable & Highly Suitable for 

Production Typology 
Typology Assigned to LU 

Production 
Type  

Native Nut 
Foraging 

Forest 

Plantation 
Fruit and 

Nut 
Production Orchard 

Edible 
Wetland 
Garden 

Native 
Food 

Forest 

Organic 
Perennial 

Polyculture 
"Conventional" 

Food Forest Row Crops Field Crops Silvopasture 
Intensive 
Garden 

No-Till Field 
Crops & 

Livestock 

Mixed 
Shade 

Production 

Roots 
and 

Shoots 

Landscape 
Unit  

C S C S C S C S C S C S C S C S C S C S C S C S C S C S 

ONE 
X L X L X L Y L X L X L X L X L X L X L X L X L X L X L 

TWO  
Y H Y L X L X L Y L Y L Y L X L X L Y L X L X L Y L Y L 

THREE  
Y M Y H X L X L Y L Y L Y L X L X L Y L X L X L Y L Y L 

FOUR Y M Y H Y H X L Y L Y L Y L Y L Y L Y L Y L Y L Y L Y L 

FIVE 
X L X L X L Y H X L X L X L X L X L X L X L X L X L X L 

SIX 
Y H Y L X L X L Y H Y M Y L X L X L Y L X L X L Y L Y L 

SEVEN 
Y H Y L Y L X L Y H Y H Y L Y L Y L Y L Y L Y L Y L Y L 

EIGHT 
Y M Y M X L X L Y H Y M Y H X L X L Y M X L X L Y L Y L 

NINE A 
Y M Y M Y M X L Y M Y M Y M Y H Y M Y M Y H Y L Y M Y L 

NINE B  Y M Y M Y H X L Y M Y M Y M Y H Y H Y H Y M Y H Y L Y M 

TEN 
Y M Y M Y L X L Y M Y M Y M Y M Y M Y H Y M Y M Y L Y M 

ELEVEN A 
Y M Y M Y L X L Y M Y H Y M Y M Y L Y L Y H Y L Y M Y L 

ELEVEN B 
Y M Y M Y L X L Y M Y M Y H Y M Y M Y H Y M Y H Y L Y M 

TWELVE A  
Y M Y M X L X L Y H Y M Y H X L X L Y L X L X L Y H Y M 

TWELVE B 
Y M Y M X L X L Y H Y M Y H X L X L Y M X L X L Y M Y H 
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4 Results 

4.1 The Lay of the Land 

 My research sought to answer the question: What landscape pattern of urban 

food production systems will increase food security while optimizing ecological integrity? 

The landscape pattern I created represents my normative landscape design and is, in 

essence, the answer to my research question. The resulting designed landscape 

pattern is shown in Figure 4.1. The designed landscape pattern is intended to 

demonstrate the most suitable urban agricultural typologies for any given area of 

available land in the urban core. It does not suggest that all available land should be put 

into production, but rather shows the most suitable urban agricultural typology that could 

be employed, if the decision were made (due to necessity or desire) to use a given 

parcel of land for urban agriculture. 

 In Step 7: Assign Distribution Pattern of Production Typologies Across 

Landscape Units, each urban food production typology was ultimately assigned to the 

landscape unit for which it was developed. These urban food production typologies and 

the landscape units they are most suited to are described in detail in Table 4.1. 

 My normative landscape design resulted in a total of 14 urban food production 

typologies distributed across the land available for in-ground, open-air food production 

in my study site in the City of Ottawa. Within the 14 production typologies, there were 11 

overarching typologies with six sub-typologies. The distribution of each typology, along 

with the total and relative land area for the typology, are shown in Figures 4.2 – 4.13. 



82 

 

 

 



83 

 

 

  Figure 4.1 A Designed Landscape Pattern to Increase Food Security and Optimize Ecological Integrity in Ottawa, Canada 

   Table 4.1 Description of Urban Food Production Typologies 

Priority Overlay Contamination Wetland Natural Feature Slope Class 

Landscape Unit ONE TWO THREE FOUR FIVE SIX SEVEN EIGHT NINE A NINE B TEN ELEVEN A ELEVEN B TWELVE A TWELVE B 

Urban Food Production Typology 

N/A 
Native Nut 
Foraging 

Forest 

Plantation 
Fruit and 

Nut 
Production 

Orchard 
Edible 

Wetland 
Garden 

Native 
Food 

Forest 

Organic 
Perennial 

Polyculture 

"Conventional" 
Food Forest 

Row 
Crops 

Field Crops Silvopasture 
Intensive 
Garden 

No-Till Field 
Crops & 

Livestock 

Mixed 
Shade 

Production 

Roots and 
Shoots 

Products: Primary (P) / Secondary (S)                               

Greens      S P P P P   S  S P 

Herbs      S P P P P   P    

Roots and Tubers      P P P P P   P  S P 

Fruiting Vegetables        P P P   P    

Cereals      P     P   P   

Pulses           P   P   

Seeds      S P P P  P   P   

Tree/Shrub Nuts - Woodland   P P   P S P      P S 

Tree/Shrub Fruits - Woodland   P P   P S P      P S 

Tree/Shrub Nuts - Orchard    P P   S    S     

Tree/Shrub Fruits - Orchard    P P   S    S     

Tree/Shrub Fruits/Nuts - Riparian      P           

Small Livestock (e.g., birds, rabbits)         S   P  S P S 

Grazing Livestock (e.g., goats, sheep)            P     

Foraging Livestock (e.g., pigs)            S  P   

Mushrooms       P  P      P  

Practices                               

Irrigation: Low (L) / Medium (M) / High (H) / 
Variable (V) 

 L L, M L, M N/A L L V H, V V L, M V V M, L M, L 

Fertility: Any (A) / Organic (compost, manure) 
(O) / None (X) 

 O O O X O O A A A A A A A A 

Mechanization: Heavy Machinery (H) / Light 
Machinery (L) / Manual (M) 

 M L, M L, M, H M M, L M, L L, M H, L, M H L, M L, M H L, M L, M, H 

Soil Disturbance: Till (T), No Till (NT)  NT NT NT NT NT NT NT T T NT NT NT T T 

Spatial Layout: Rows (R) / Intercrop (I) / 
Dense Intercrop (DI)  

 DI R, V R I DI DI DI R R R I R R, I, DI R, I 

Pest Management: Any (A) / Organic 
Integrated Pest Management (IPM) 

 IPM A A IPM IPM IPM IPM A A A A A A A 

Ground Cover: Variable (V) / Continuous (C)   C C C N/A C C C V V C V V V V 

Species Composition: Annual (A) / Perennial 
(P) / Woody (W) / Variable (V) * BOLD 
indicates primary species 

 W, A, P W W A, P, W W, P, A  P, A, W W, P, A A A W, P A, P A A, P, W A, P, W 

Plant Community: Native (N) / Non-Invasive 
(NI) / Introduced (I) / Variable (V) 

 N, NI I, V I, V NI, V N, NI N, NI NI, I I I V I I V I, NI 

Species Diversity: Low (L) / Medium (M) / 
High (H) 

 M V L M H H H M L M H L M M 

Structural Diversity: Low (L) / Medium (M) / 
High (H) 

 H L, M L M H M H L L M M L M M 
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Figure 4.2 Landscape Unit 1, Area & 

Distribution 

 
Figure 4.3 Food Production Typology for 

Landscape Unit 2, Area & Distribution 

 
Figure 4.4 Food Production Typology for 

Landscape Unit 3, Area & Distribution 

 

Figure 4.5 Food Production Typology for 

Landscape Unit 4, Area & Distribution 

 
Figure 4.6 Food Production Typology for 

Landscape Unit 5, Area & Distribution 

 
Figure 4.7 Food Production Typology for 

Landscape Unit 6, Area & Distribution 
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Figure 4.8 Food Production Typology for 
Landscape Unit 7, Area & Distribution 

 

Figure 4.9 Food Production Typology for 
Landscape Unit 8, Area & Distribution 

 

Figure 4.10 Food Production Typology for 
Landscape Unit 9, Area & Distribution 

 

Figure 4.11 Food Production Typology for 
Landscape Unit 10, Area & Distribution 

 

Figure 4.12 Food Production Typology for 
Landscape Unit 11, Area & Distribution 

 

Figure 4.13 Food Production Typology for 
Landscape Unit 12, Area & Distribution 
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 The largest landscape unit and associated typology is 12: Shade Crops & 

Livestock, at 24.19 km2, or 26.9% of the total available land. The smallest is 5: Edible 

Wetland Garden, at 0.50 km2, or 0.006% of the total available land. The order of urban 

food production typologies, from that with the largest total land area to that with the 

least, is as follows (Figure 4.14): 

 

Figure 4.14 Urban Food Production Typologies by Total Area 

4.2 Landscape Suitability 

 Lack of space is often cited as a barrier to expanding urban agriculture. In my 

study site, encompassing the urban core of Ottawa bound by the greenbelt, I found 

40.0% of the land (See Figure 3.6) to have potential for in-ground, open-air food 

production. Were rooftops, vertical surfaces, and areas with potential for container 

0 5 10 15 20 25

None

Edible Wetland Garden

Orchard Fruits & Nuts

Silvopasture

Conventional Food Forest

Conventional Annual Agriculture

Organic Perennial Polyculture

Soil-Sensitive Annual Agriculture
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Plantation Fruit and Nut Production

Native Food Forest

Shade Crops & Livestock
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gardening, hydroponics or aquaponics considered, that percentage would presumably 

increase. 

 Of the available land (Figure 3.6), 99.9% was found to be suitable for production 

of one kind or another. Land with medium or high risk for contamination that coincided 

with wetlands made up 0.1% of the available land and was deemed unsuitable for the 

production of food products, due to concerns of contaminant bioaccumulation in the 

edible parts of submerged crops. While nearly 100.0% of the available land was 

considered suitable for production, there was variation in the degree of suitability. 

 Half of the total landscape units (4, 7, 9A&B, 10, 11A&B) were considered 

capable of supporting any of the proposed production typologies (Table 3.13), save for 

wetland gardening. However, these units represented only 23.4% of the available land 

area, and varying degrees of suitability.  

 Landscape Unit 9B (Figure 4.10), characterized by low and medium slopes, full 

sun, good drainage, and parcel sizes larger than ¼ acre, was the least restrictive 

landscape unit (See Figure 4.15). It was capable and highly suitable for four of the 

proposed production typologies, and capable and moderately suitable for eight of them.  

 Landscape Units 2 (Figure 4.3), 3 (Figure 4.4), 5 (Figure 4.6) and 10 (Figure 

4.11) were the most restrictive landscape units (Figure 4.15), exhibiting capability and 

high suitability for only one typology each. Units 2 and 3 are constrained by 

contamination risk and high slope, Unit 5 by standing water, and Unit 10 by medium 

slopes and poor drainage. Other units with medium slopes and poor drainage exhibit 
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greater flexibility, suggesting that the optimal suitability requirements built into the 

typologies had a greater influence on the suitability of Landscape Unit 10 than the 

intrinsic landscape attributes. Landscape Unit 10 is capable and moderately suitable for 

almost every typology, suggesting that in this case, the rating of “highly” suitable is 

synonymous with “most” suitable. This apparent incongruency sheds light on some of 

the key challenges in landscape suitability analysis discussed in Chapter 2; how to 

meaningfully weight the relative importance of landscape attributes, and how to 

maintain consistent gradation amongst suitability rankings. 

 

Figure 4.15 Incidences of Food Production Typology Capability-Suitability Combinations per 

Landscape Unit 
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4.2.1 Addressing Landscape Constraints: Contamination 

 Of the available land, 21.61 km2, or 24.1% is classified as having medium or high 

contamination risk. Of the landscape attributes assessed, contamination presents the 

greatest constraint to landscape suitability. While many types of plants will grow 

successfully in contaminated soil, only the fruits, nuts and seeds of select plants are 

considered safe for consumption. In my design, only nuts and fruits from woody plants 

are indicated for harvest in areas with a contamination risk (See Figure 4.16). There is a 

wide variety of fruit and nut bearing woody plants that grow successfully in temperate 

climates, from walnuts, hazelnuts, beech nuts and acorns to apples and a variety of 

berries (Peterson, 1977). However, information on best practices for production and 

potential yields, particularly in urban conditions and in contaminated soil, is scant.  

 

Figure 4.16 Food Production Typologies Responding to Contamination Risks 
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 The contamination risk assessment I used bases classification off past and 

present land uses on and adjacent to the site. Thus, a contamination risk classification 

indicates a likelihood for contamination, but site-specific investigation would be required 

to determine the presence, severity and type of contamination, along with appropriate 

responses. The bioaccumulation of contaminants in plant tissues varies by plant and 

contaminant, therefore appropriate species selection would vary from site to site, and 

some sites may not be appropriate for any cultivation. 

 While my design suggests three food production typologies for areas with 

contamination risk, there are likely alternate uses of these lands that could contribute to 

urban food security. For instance, contaminated lands could be opportune places for 

food production systems that are separate from native soil, such as aquaponics, 

hydroponics, or potentially edible insect production. Contaminated lands could also be 

opportune places for land uses that contribute to urban food security and ecological 

integrity in indirect ways, for instance, for solar or wind energy production, which could 

reduce dependence on environmentally-problematic fossil fuels and could provide 

electricity for food production systems like climate-controlled greenhouses. 

4.2.2 Addressing Landscape Constraints: Slopes 

 Of the available land, 41.93 km2, or 49.3% is covered by landscape units that 

include slopes up to a 45% incline. These are Units 2, 3, 6 and 8 (See Figure 4.17). It 

should be noted that steep slopes (20-45% incline) only account for 6.6% of the 

available land; however, only Landscape Unit 8 is characterized by exclusively steep 

slopes; Units 2, 3 and 6 contain steep slopes as well as some moderate and low slopes. 



91 

 

 

 Urban food production typologies responding to steep slopes (Figure 4.17) are 

composed primarily of woody plants, as their extensive root system aids in slope 

stabilization. Two of the production typologies, Native Nut Foraging Forest and 

Plantation Fruit & Nut production, also correspond with contamination risk areas, and 

they exclusively produce woody plant nuts and fruits for consumption. Native Food 

Forests and Conventional Food Forests also produce fruits and nuts, in addition to 

greens, roots, vegetables and mushrooms. 

 Steep slopes present challenges to maintenance, necessitating that most 

planting, maintenance and harvesting is done with light machinery, or by hand. Primarily 

manual maintenance of diverse polycultures requires considerable knowledge and skill, 

resources that may currently be limited in many urban communities. 

 

Figure 4.17 Food Production Typologies Responding to Steep Slopes 
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4.2.3 Addressing Landscape Constraints: Shade 

 Of the available land, 43.1% is partly to fully shaded. Sunlight provides plants 

with their energy needs, which in turn provide humans with calories upon consuming 

them. In this sense, sunlight fuels productivity in food production. There are many 

shade-adapted and shade-tolerant edibles, though many are not very calorically dense, 

such as salad greens.  

 To make productive use of shaded and partially shaded land, my design 

assigned typologies including woodland plants, greens and root crops, and small-scale 

livestock production (See Figure 4.18). Landscape Unit 12B (Figure 4.13) is the largest 

by land area, at 19.91 km2 or 22.2% of the available land. It is characterized by shade, 

low and moderate slopes, and parcel sizes above 1/10 hectare (¼ acre). It closely aligns 

with residential neighbourhoods in the City of Ottawa, and supports mixed production of 

shade-tolerant greens, root crops, fruits, nuts and small-scale livestock.   

 The parcels included in Landscape Unit 12B are likely to exhibit a high degree of 

variability in solar access at the site scale, dependent on the positions and sizes of trees 

and structures. Site-responsive planting schemes that optimize available sunlight would 

help maximize productivity on such sites. As with steeply sloped sites, the productivity 

of shady sites is likely highly influenced by the skill of the gardener. 
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Figure 4.18 Food Production Typologies that Respond to Shady Conditions 

 

 Food production typologies that more closely resemble conventional agricultural 

activities, such as annual row crops, field crops, and orchards, are limited to the 

landscape units that have full sun conditions, and represent a minority of landscape 

units and land area (Figure 4.19). The largest tracts of land with full sun in the study site 

are the Central Experimental Farm, which is dominated by Landscape Unit 11 and 

appears as a backwards “L” shape near the centre of the study site, and the area 
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around the Ottawa International Airport, dominated by Landscape Units 7 and 9B, and 

appearing at the southern tip (bottom of Figure 4.19) of the study site. The airport and 

surrounding infrastructure appear as available land in the study area. This fact sheds 

light on one of the limitations of GIS-based land-use planning: plans are only as 

accurate and complete as the GIS datasets used to create them. In this case, 

geospatial data on the Ottawa airport was not captured when compiling datasets 

representing buildings and built infrastructure. 

 

Figure 4.19 Food Production Typologies that Take Advantage of Full Sun Conditions 
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4.2.4 Addressing Landscape Constraints: Parcel Size 

 The urban landscape is highly fragmented, both in a physical sense by built 

infrastructure, and in a practical sense by land tenure. Large, uninterrupted tracts of 

land, such as those common in rural agriculture, are uncommon. Of the total number of 

available parcels in the study area, 84.1% are less than 1000 m2, or approximately ¼ 

acre (See Figure 4.20). However, the 15.9% of parcels larger than 1000 m2 make up 

88.8% of the available land. 

 Small parcel sizes limit opportunities for mechanization and economies of scale. 

Potential advantages of small parcel sizes include health and recreation benefits 

associated with manual gardening (Huang & Drescher, 2015; TFPC, 2012), as well 

advantages associated with urban density, such as ready access to municipal water, 

microclimates and reduced wildlife pressure (Landman, 2016). It is unclear if small 

parcel sizes could confer additional advantages to food production, for instance, 

increased resilience due to a more diversified mosaic of production types and species 

used or buffering against the spread of pest populations or pathogens.  
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Figure 4.20 Size Class of Landscape Parcels 

 The parcels of the study site are likely to be more fragmented than shown 

through GIS-based mapping, as features like fences and hedgerows are not captured. 

While this may be a limitation, it is also an opportunity to envision the landscape in a 

new way. For instance, if homeowners on a block valued collective, larger-scale food 

production over privacy and firm property boundaries, could fences be removed and a 

contiguous tract of land be dedicated to food production? 

4.3 What Could Ottawa be Growing? 

 The normative landscape design (Figure 4.1) for the City of Ottawa includes 

production of grains, pulses, fruits, vegetables and protein foods, with some typologies 

growing a combination of these food categories, and others growing only one. 

Number of Parcels by Size Class

< 1000 square metres (~1/4 acre)

1000 - 4000 square metres (~1/4 - 1 acre)

4000 - 10 000 square metres (~1 acre-1 ha)

> 10 000 square metres (1 ha)
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4.3.1 Most Flexible and Most Restrictive Urban Food Production Typologies 

 The most flexible food production typology, measured by the number of 

categories of food products it can produce and the variety of production practices it 

permits, is the Conventional Food Forest (Figure 4.9). This typology can produce 

greens, herbs, roots and tubers, fruiting vegetables, nuts, seeds, fruit, mushrooms and 

small-scale livestock, and permits a wide range of pest-control measures, fertility 

supplements and plant communities (Table 4.1). 

 The most flexible production typology, measured by the number of landscape 

units it is highly suitable for, is the Native Food Forest (Figure 4.7). This typology shares 

four landscape units with the Conventional Food Forest for which it is highly suitable, in 

addition to being highly suitable for landscape units containing important natural 

features (Table 3.13). The Native Food Forest can also produce all the same types of 

food products, but does not allow for livestock, and is restricted to native and non-

invasive naturalized species and organic production practices. 

 Food forests incorporate a wide variety of plants, including annuals, perennials 

and woody plants, with a mix of sun-loving and shade tolerant species. With suitable 

species selection and layout, food forests are adaptable to wide variety of slope, 

drainage and sun conditions. While this makes them very flexible, the lack of a one-size 

fits-all approach also makes them very complex, which could restrict their adoption. 

 The most restrictive urban food production typologies in my normative landscape 

design are Native Nut Foraging Forest (Figure 4.3) and Orchard (Figure 4.5). These 
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typologies produce only fruits and nuts from woody plants. They are distributed in 

landscape units containing land with contamination risks, so production practices must 

limit soil disturbance and potential contaminant leeching.  

 While these two typologies only produce two categories of food products, the 

potential for diversity therein is high. Conversely, typologies that accommodate a wider 

range of food products, such as Field Crops which produce seeds, grains and pulses, 

may in practice only produce a monoculture of one species of one category of food 

products.  

4.3.2 Dominant Urban Food Production Typology 

 Roots and Shoots Production (Figure 4.21), consisting of parcels larger than 

1000 m2 producing shade-tolerant salad greens, root crops, fruits, nuts and small-scale 

livestock production, is the dominant production typology in my designed landscape 

pattern. Grains commonly account for a large share of calories consumed in a North 

American diet (USDA, 2016), so the dominant production typology in my design does 

not align with the common caloric staple. The implications of this discrepancy for food 

security are unclear. Fruits, nuts and animal products are calorically dense, and could 

potentially substitute for many of the calories commonly consumed from grains. In the 

Ottawa context, it could also be viable to depend on the municipality’s large rural region 

for grain production without greatly diminishing urban food security. When planning 

urban food production for increased food security, it is important to consider both the 

urban landscape itself and its surrounding context. 
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Figure 4.21 Dominant Urban Food Production Typology by Area 

4.3.3 Conventional Agricultural Products versus Novel or Niche Products 

 The urban food production typologies that most closely resemble conventional 

North American agriculture are Row Crops, Field Crops, Orchard, and potentially 

Intensive Gardens, which resembles conventional market gardening (See Figure 4.22). 

These typologies occupy 5.94 km2, or 6.6% if the available land. 
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Figure 4.22 Urban Food Production Typologies Resembling Conventional Agriculture 

 The limited representation of “typical” agricultural activities in the normative 

landscape design suggests that these types of production are rarely suitable in urban 

environments. The majority of urban land is better suited to novel or niche production 

systems, like tree-based production systems, distributed across 51.0% of the available 

land (Figure 4.23), shade-tolerant production systems, distributed across 73.6% of the 

available land (Figure 4.18) and livestock-based production systems, distributed across 

38.5% of the available land (Figure 4.24). Combined, production systems that are tree-

based, shade-tolerant, and/or incorporate livestock make up 85.8% of the available 

land. If cities wish to increase their food security through expanded production that is 

suited to the landscape context, urban dwellers may need to adopt new dietary habits 
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and expectations for urban form.

 

Figure 4.23 Tree-Based Urban Food Production Typologies 
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Figure 4.24 Livestock-Based Urban Food Production Typologies 

4.3.4 Provisioning Potential 

 Estimating the provisioning potential of the normative landscape design is 

challenging. Most research on agricultural yields is conducted for common, conventional 

agricultural crops, and estimates on yields per unit area can vary widely based on 

climate, soils, crop variety, and production practices. The novel nature of most of the 

production typologies used in the normative design means that little data exists from 

which to estimate yields with reasonable accuracy. Still, some extrapolated estimates 

are worth noting for curiosity’s sake. 
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 The Beacon Hill Food Forest in Seattle, Washington, a volunteer-based 

community food forest, reported 1 930 kg of food harvested from 0.7 ha in their fifth 

year, or 2 757 kg/ha (Johnson & Haack, 2018). Without accounting for differences in 

climate and species, applying this productivity estimate to the available land in the 

normative design assigned to food forests – Native Food Forests at 18.83 km2 and 

Conventional Food Forests at 2.39 km2 – results in 5 850 metric tons of food. Using the 

United States Department of Agriculture’s (USDA, 2016) estimate of the average 

American consuming 905 kg of food per year, 5 850 t of food might feed 6 386 people 

for a year, or 0.01% of Ottawa’s urban population, reported as 513 832 by Statistics 

Canada (2016). 

 CoDyre et al. (2015) estimated that the average home gardener in Guelph, 

Ontario, grows 1.43 kg of fruit and/or vegetables per m2. Using these figures for the 

typologies most similar to home food gardening: Intensive Garden (2.96 km2), Mixed 

Shade Production (4.28 km2) and Roots and Shoots (19.91 km2) results in an estimated 

yield of 38,824.5 t of fruits and/or vegetables, enough to provide the fresh produce 

needs of around 571,789 people for a year (using CoDyre et al.’s [2015] estimate of 

approximately 67.9 kg of fresh produce per person per year), or 111.3% of Ottawa’s 

urban population. 

 The Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA) (2019) 

listed the average yield/acre of spring wheat in 2018 to be 54.3 bushels, with a bushel 

yielding 60lbs on average (68 kg/ha) (Canadian Department of Agriculture, 1962). 

Applying these figures to the Field Crop (4.40 km2) and No-Till Field Crops & Livestock 
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(6.93 km2) typologies yields 74,324 kg of wheat. Using the USDA’s (2016) estimate of 

89 kg of grains consumed by the average American per year, 74,324 kg of wheat could 

provide for 835 people, or 0.002% of Ottawa’s urban population. 

 Compared to present day urban agriculture in the City of Ottawa’s urban core, 

the normative landscape design significantly increases the amount of land dedicated to 

food production. I estimate current urban agricultural activities within the study site area 

to occupy 1.06 km2, based on a rough estimate of the average size and number of 

home gardens, school gardens and community gardens, or 2.24 km2 if the land of the 

central experimental farm is included, though this farm does not currently produce crops 

for human consumption (See Appendix E). The normative landscape design identified 

89.80 km2 as having potential for urban agricultural production, or about 85 times as 

much land is currently used for urban food production for consumption in the study site. 

To the extent that increased urban land under production correlates with increased 

urban food security, the normative landscape design does result in increased food 

security for the City of Ottawa, but the likely provisioning potential of the design remains 

largely unknown. 

4.4 Optimizing Ecological Integrity 

 The normative landscape design presented in Figure 4.1 optimizes ecological 

integrity in two main ways. The first is by improving landscape connectivity, and the 

second is by minimizing environmental degradation. 
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4.4.1 Landscape Connectivity 

 The normative landscape design increases the functional connectivity of the 

urban landscape by siting urban food production typologies characterized by native 

species, high species and structural diversity, and minimally disturbing production 

techniques in landscape units that buffer and/or provide connections between existing 

natural areas in and beyond the study site, and landscape units that contain wetlands 

occurring outside of natural areas. There are four food production typologies that do 

this: Native Nut Foraging Forest, Edible Wetland Garden, Native Food Forest, and 

Organic Perennial Polyculture, distributed across 40.3% of the available land (See 

Figure 4.25). 

 The land area within the study site occupied by ecologically significant natural 

lands identified by the City of Ottawa is 12.04 km2 (See Figure 4.26). Urban food 

production typologies that may function as buffers, corridors and wildlife habitat occupy 

34.59 km2, or about three times as much land as the existing natural features. This 

represents a significant increase in land prioritized to meet ecological goals. 
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Figure 4.25 Ecosystem Analogue Urban Food Production Typologies 
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Figure 4.26 Urban Natural Heritage System and Surrounding Context 

 Increasing the amount of urban land prioritized for structurally and biologically 

diverse native species may increase the total number of potential habitat patches in a 

landscape; however, it does not reduce the fragmentation caused by built infrastructure, 

with the exception of connected tree canopies that could provide for species movement 

above the ground. While there is a positive correlation between ecological integrity and 

more stepping-stone patches connecting ecologically important lands, it is unclear what 

level of adoption of the normative landscape plan would be required for ecological 

integrity benefits to be realized. 
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4.4.2 Minimizing Environmental Degradation 

 The second way the normative landscape design optimizes ecological integrity is 

by siting urban food production typologies in landscape units for which they are highly 

suitable, so that their associated production practices and plant communities can 

support the goals of preventing erosion and soil compaction, and protecting water 

quality. For instance, nine of the urban food production typologies do not use heavy 

machinery, due to steep slopes, compaction-prone clay soil, proximity to natural 

features, small parcel size, or a combination thereof. These typologies are shown in 

Figure 4.27. 

 Six urban food production typologies, covering 83.6% of the available land, use 

woody vegetation and continual ground cover to prevent erosion (See Figure 4.23). 

Four typologies use exclusively organic practices (Figure 4.27). The three food forest-

based typologies and the Organic Perennial Polyculture typology include high levels of 

species diversity, and incorporate numerous vertical vegetation strata and dense 

intercropping that may provide cover for wildlife. 
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Figure 4.27 Urban Food Production Typologies that Do Not Use Heavy Machinery 

4.5 Summary 

 The normative landscape pattern created in this research distributed 11 distinct 

urban food production typologies across 89.80 km2 available land in Ottawa’s urban 

core with potential for in-ground, open air food production. The typologies were sited in 

landscape areas for which they were highly suitable, with a specific focus to increasing 

urban food production of grains, pulses, fruits, vegetables and protein foods and 

supporting ecological integrity in the urban landscape. Full implementation of the 

designed landscape pattern would result in an estimated 85 times more urban land 
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used for urban agricultural activities, and three times more land planted strategically to 

support the urban natural heritage system.  
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5 Discussion 

 This research used landscape suitability analysis to inform the design of an 

alternative future landscape pattern to increase urban food security while optimizing 

ecological integrity. The landscape suitability analysis methods employed were valuable 

in providing a basis for context-sensitive landscape planning, though presented 

limitations. The research methods and results have implications for urban food security, 

urban agriculture, ecological integrity, and the profession and practice of landscape 

architecture, each of which will be discussed in turn. 

5.1 Landscape Suitability Analysis Benefits and Limitations 

 Landscape suitability analysis is widely recognized as an essential element to 

environmentally-conscious landscape planning (Steiner, 2008). In this study, a variety of 

landscape suitability analysis methods were employed, and revealed nuanced, spatially-

specific variation in the most appropriate uses of urban lands. In this sense, this study 

demonstrates the value and need for landscape suitability analysis to guide urban 

planning and design.   

 Ian McHarg (1969), an influential pioneer in landscape suitability analysis, 

popularized a Design with Nature philosophy, which promoted that if humans can work 

in concert with nature rather than in ignorance of it, both can benefit. This study raised 

some philosophical conundrums of its own. For instance, to what extent can designing 

with nature reconcile competing interests when nature is not optimal for the desired 

human use of the land, or when humans have already altered nature in such a way that 

it is no longer optimal for newly established goals? An example of this could be seeking 
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to retrofit an urban area to maximize agricultural productivity for an established and 

growing population, on lands already altered and disturbed by human use. At numerous 

times throughout this study, there was opportunity to reflect on the challenges of 

working with nature when human expectations of nature may be unreasonable. 

 Landscape suitability analysis offers great philosophical and practical value, but 

is also subject to many challenges and limitations, and this study was no exception. 

When creating maps of landscape constraints to food production for the purpose of 

sieve-mapping (See Ch. 3: Methods, Step 2), numerous educated assumptions were 

applied broadly over the urban landscape, such as the appropriate buffer width around 

buildings and roads. The map compilation process also missed many features, such as 

private infrastructure like driveways, pools and sheds. 

 When creating inventory maps (See Ch. 3: Methods, Step, Step 3) for the 

purpose of using map overlays to identify landscape units, this study was limited to 

creating maps based off existing mapped geospatial data. This study relied on 

geospatial data that was not “purpose-built” for assessing landscape suitability for urban 

agricultural production. Much of the data was created at a coarser grain than could 

meaningfully represent the true variation in the urban landscape, and many desired 

landscape attributes, such as soil type, had to be inferred from other datasets. In 

converting vector data to raster format for the GIS overlay procedure, it was necessary 

to reference all data to a consistent cell size, which was limited to 100 m2, based on the 

cell size of the digital elevation model. A smaller cell size would have more accurately 

displayed the variation in the urban landscape. The conversion between data formats 
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necessary to perform different GIS analyses resulted in a loss of approximately 2 km2 of 

represented land area.  

 This study failed to capture certain landscape features for which data was 

available, such as the footprint of the Ottawa airport and the water treatment plant. The 

study also would have benefitted from inventory maps that were not readily available, 

such as deposits of Leda clay and urban microclimates. Technical challenges limited 

the mapping of solar access to rudimentary patterns based on uniform shadow buffers 

applied to buildings and street trees.  As with the creation of the sieve-map layers, the 

creation of inventory map layers relied on educated assumptions, such as the 

appropriate buffer width to apply across the landscape to largely undifferentiated 

“natural lands”. 

 When iteratively collapsing landscape units together and generating urban food 

production typologies (See Ch. 3: Methods, Steps 4 & 5), it was noted that pre-

determined land-use intentions strongly influenced what landscape attributes were 

considered functionally equivalent and appropriate to aggregate. It would have been 

intriguing to create three sets of landscape units and subsequent land-use distributions: 

one prioritizing agricultural production, one prioritizing ecological integrity, and one 

reconciling the two. When generating urban food production typologies to fit the 

characteristics of each landscape unit, it was noted that existing agricultural norms and 

alternatives strongly influenced the conception of typologies. 

 When assessing the capability and suitability of landscape units for the proposed 

food production typologies (See Ch. 3: Methods, Step 6), this study encountered the 
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commonly referenced suitability analysis challenges of ensuring even and consistent 

ranking of the relative importance of landscape attributes. Technical challenges limited 

the assessment of landscape parcels to their size but not their shape. 

 Results are only as accurate as the model that generates them, and this 

research relied on a simplified geospatial representation of reality. It also only 

considered variables for which geospatial data was available, and made numerous 

assumptions in order to simplify and aggregate data. As such, the resulting designed 

landscape pattern can by no means be considered a ground-truthed blueprint, ready for 

implementation. Rather, it is an important indication of overall patterns found in the 

urban landscape, and the most suitable ways to respond to them to meet food 

production and ecological integrity goals. 

5.2 Food Security Implications 

 Urban agriculture is promoted as an important strategy to address urban food 

security and is increasingly being implemented in cities in North America (Ackerman et 

al., 2014; Clark & Nicholas, 2013; CoDyre at al., 2015; Lin et al., 2015; Sinclair-Waters 

et al. 2012). In many cases, planning for UA is opportunistic, and focuses on facilitating 

access to land for interested growers. In past examples of widespread adoption of UA in 

response to crises that limited the urban food supply, UA’s expansion was also 

opportunistic, with urban dwellers seeking to grow what they could, where they could 

(Crawford, 2003; Gonzalez, 2003). In both contemporary and historical examples of 

efforts to expand UA, there is a recurring theme of little high-level planning that 

considers the food provisioning and ecological implications of what is grown where, and 
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how. This research represents a novel, proactive approach to planning the expansion of 

UA in a mid-sized city to achieve food provisioning and ecological objectives.  

5.2.1 Urban Agriculture Opportunities and Constraints 

 Land availability is commonly seen as a constraint to UA (Corbould, 2013; 

Richardson & Moskal, 2016). The use of a sieve-mapping overlay to identify land 

available in the City of Ottawa with the potential for in-ground, open-air food production 

in the urban core found 89.80 km2, or 40.0% of the land area as potentially available, 

when using primarily bio-physical factors to determine the land’s capability to support 

urban agricultural activities. Allen (2015) looked at land potentially available for public 

urban agriculture in the urban core of Ottawa, looking at a similarly sized geography. 

Allen’s (2015) study used a combination of bio-physical and socio-cultural factors to 

identify publicly accessible lands with potential for community gardens, and found 13.80 

km2 of land.  

 The difference in findings between the two studies demonstrates how 

dramatically the criteria used to determine land availability impacts the results. In Allen’s 

(2015) study, the bio-physical characteristics of the land had to be suitable for one 

specific kind of production, and excluded land areas that were shaded, had slopes of 

greater than 10%, or did not have access to a watermain hookup for irrigation. 

Additionally, the exclusive focus on public space meant that privately-owned land was 

not inventoried, further contributing to the lower estimate of available land in Allen’s 

2015) study compared to this thesis. 
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 The differences in findings between this thesis and Allen’s (2015) highlights the 

subjective nature of assessing land availability. This study identified 14 urban food 

production typologies responding to 14 classifications of land areas sharing similar 

characteristics, and did not restrict land availability determinations based on land tenure 

or alternate priority uses, with the exception of ecologically valuable lands and active 

recreation lands. These findings suggest that socio-cultural values and priorities may 

present a greater constraint to urban agricultural expansion than physical availability of 

space for urban agriculture. If cities are open to incorporating diverse systems of 

production that respond to diverse urban conditions, and if they wish to prioritize land for 

urban agriculture over competing land uses, a substantial percentage of urban land may 

be available for production. The fact that some densely developed cities, such as 

Shanghai, produce a majority share of fresh produce and eggs through urban 

agriculture (Lovell, 2010) further suggests that land availability is not the greatest 

limitation to urban agriculture.  

 Of course, while the relative percentage of urban land that could support urban 

agriculture may be larger than assumed, the total land area available for production still 

represents a significant constraint to achieving urban food self-sufficiency. Of the City of 

Ottawa’s population of 934 240, 55% is urban (Statistics Canada, 2016). Achieving food 

self-sufficiency for Ottawa’s approximately 500 000 urban residents on 89.80 km2 of 

available land would require producing enough calories for one person on 179.60 m2 of 

land, or about 9.5 times less land than one global estimate of average land area needed 

to feed one person (Kastner et al., 2012). Such statistics suggest that while localized 

production can contribute to increased food security in urban areas, it cannot achieve 
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food self-sufficiency. Further research that explores the most strategic foci of urban 

agriculture for a city to optimize its contributions to urban food security would be 

valuable. 

 Urban agriculture is often dominated by the production of fresh herbs, fruits and 

vegetables, and occasionally small-scale livestock (Lovell, 2010; Viljoen, 2005). This 

pattern is visible in the results of this study, with the dominant UA typology producing 

livestock and salad greens. Interestingly, the dominance of fresh produce in UA is often 

attributed to economic reasons, such as market-access advantages of producing 

perishable goods closer to consumers (Opitz et al., 2016; Viljoen, 2005). In this 

research, dietary needs and landscape suitability were the primary drivers leading to UA 

typologies including fresh produce. Woody-based production systems were also 

dominant in the normative landscape design created, suggesting that expanding UA in 

ways that respond to landscape suitability, particularly in cities of forest-dominated 

ecoregions, will have implications for urban diets. A large share of the food products 

produced in the normative landscape design are atypical in North American diets. 

 Other perceived constraints to urban agriculture, such as contamination, slopes, 

shade and small parcel sizes were addressed in this study through novel urban 

agricultural production typologies. While it is difficult to estimate the productivity and 

provisioning potential of these typologies, the diversity of production responses 

conceived to address diverse landscape characteristics suggests that our expectations 

of what agriculture “looks” like may be more limiting than the urban landscape itself. 

Certain landscape attributes, such as contamination risk, were highly restrictive and 
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unsuitable for many production typologies. This study identified production practices 

and products that could make productive use of contaminated lands, but also suggests 

that these may be opportune places for other urban agricultural activities that do not rely 

on ground-based production. 

 A common theme among the majority of the urban food production typologies 

proposed in this study is that one size does not fit all. Most of the typologies proposed 

would require site-specific species selection, layouts, and management practices. This 

type of food production would require knowledge and skill sets distinct from those used 

in many conventional urban agricultural typologies. Urban agricultural productivity has 

been linked to gardener skill level (CoDyre et al., 2015), and would likely play an even 

greater role in determining the productivity of niche and novel production methods such 

as those proposed in this thesis. Some research is beginning to compile best 

management practices and recommendations of species selection for novel forms of 

urban agriculture, such as Clark and Nicholas’ (2013) research on urban food forestry. 

Further research on best management practices and species selection for novel forms 

of urban agriculture could help urban agriculture to expand beyond land areas only 

suitable for traditional urban agricultural activities. 

5.3 Ecological Integrity Implications 

 Much research looking at ecology in urban regions relies on aggregated 

measures of urban attributes that do not discriminate based on landscape patterns, 

such as percent impervious cover (Alberti, 2005; Alberti & Marzluff, 2004). This study 

contributes to a small but growing body of research that focuses on landscape patterns 
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in urban areas. This study also addresses the potential influences on ecosystem 

function of alternative urban spatial patterns, an area of research that Alberti (2005) 

identifies as lacking. 

 Ecological integrity is influenced by landscape structure (spatial arrangement of 

landscape elements), functions (movement or flow of organisms, materials and energy), 

and change (alterations of structure and function over time) (Dramstad et al., 1996). 

This study focused heavily on landscape structure and its implications of landscape 

function but did not address landscape change in a meaningful way. 

 The implications of this study for ecological integrity are largely hypothetical. It is 

hypothesized that by proposing a normative landscape design that includes three times 

more urban land prioritized for structurally and biologically diverse native plantings with 

minimized anthropogenic disturbance, sited strategically to buffer or connect existing 

natural lands in the urban area, and by using landscape suitability to site urban 

agricultural typologies in ways that minimize their potential disservices and optimize 

their potential benefits, that the integrity of natural ecosystems of the area would 

improve. The high percentage of land in the proposed landscape pattern that is 

prioritized to produce food while meeting ecological goals shows promise that food 

production and ecological integrity can be reconciled through landscape suitability-

informed landscape planning, though many questions remain. 

 One question is what level of adoption of the proposed normative landscape 

design would be required to see improvements on varying measures of ecological 

integrity, such as increases in the populations of plant and animal species 
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representative of the ecology of the region, or increases to urban biodiversity. Another 

question is what the impact would be of food value (e.g., edibility, flavour, yield, shelf 

stability, nutrient content) and production utility (e.g., ease of cultivation and processing, 

nitrogen fixation, pollinator attraction) becoming the primary selection pressure for such 

a large percentage of urban vegetation.  

 Another question is how land-cover would change with the proposed landscape 

pattern, and what the associated effects would be. Alberti and Marzluff (2004) found 

that land-cover can vary greatly within the same urban land-use classifications. This 

thesis relied on GIS datasets that detailed urban land use and landscape attributes, but 

these did not necessarily provide an accurate picture of actual land-cover. Because of 

this, the overall change in land-cover patterns cannot be measured; for instance, are 

they changing from a lawn to a food forest, or from a pollinator garden to a monoculture 

of field crops. Understanding how land-cover patterns are changing could shed light on 

important benefits and drawbacks that could be associated with the normative 

landscape, such as anticipated impacts on pollinators, rodents, or predator populations. 

 Researchers in urban ecology have noted that patterns and relationships 

observed in the study of traditional natural-area ecology do not always hold true in 

urban areas (Forman, 2016; Pickett et al., 2008). A large limitation of this study is that 

the hypothesized ecological outcomes of the proposed alternative urban landscape 

pattern are largely based on research conducted in natural-area, rather than urban-area 

ecology. For instance, the hypothesized relationships between vegetation structure, 

landscape disturbance and wildlife movement do not consider how urban features, like 
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buildings or roadways, might alter the relationship in important ways. This limitation 

represents a catch-22 that may be inevitable given the youth of urban ecology as a 

discipline: while more research is called for that explores the implications of alternative 

urban landscape patterns, there is insufficient research in urban ecology from which to 

draw evidence to inform the creation of alternative landscape patterns. 

 Nevertheless, this research is significant for landscape ecology and urban 

ecology for two important reasons. The first is that this research demonstrates the 

degree to which landscape suitability varies across the urban matrix, and the level of 

nuance that can be achieved when planning urban land-uses to respond to urban 

landscape attributes in ways that meet human needs while addressing ecological 

integrity. The second is that the normative landscape design can serve as the basis 

from which to infer environmental and ecological consequences of an alternative 

landscape pattern. 

 Researchers have hypothesized that urban patterns have indirect ecological 

impacts by influencing the feasibility of alternative systems to provide resources and 

services (Alberti, 2005). The normative landscape design proposed in this thesis could 

serve as a basis from which to evaluate the feasibility of many proposed environmental 

benefits of urban agriculture. For instance, urban agriculture is seen as a potential sink 

for urban wastes, as it could make use of waste resources like urban organic matter, 

greywater and heat, but may only provide a net environmental benefit if the scale of UA 

is such that it could reduce or replace the need for alternative waste-disposal 

infrastructure (Goldstein et al., 2016, Viljoen, 2005).  
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 This study’s normative landscape design could also serve as the basis to 

estimate potential environmental services and disservices of UA. UA is credited as 

contributing to carbon sequestration, stormwater management, air quality 

improvements, and a reduction in the UHI effect (Russo et al., 2017). UA is also 

scrutinized for its potential to facilitate weed, pest and pathogen transfer to natural 

systems, to strain water supplies, increase net fossil fuel use for urban food 

provisioning, and to introduce chemicals and excess nutrients into the environment (Lin 

et al., 2015; Russo et al., 2017). In-depth qualification and quantification of the 

proposed urban food production typologies and their distribution in the landscape could 

provide a clearer picture of the trade-offs in environmental services and disservices that 

would be associated with the proposed landscape pattern. 

5.4 Implications for Landscape Architecture 

 In 2015, the Canadian Society of Landscape Architecture (CSLA) released the 

Canadian Landscape Charter, a document outlining shared values and a common 

vision for its members. The core principles outlined in the Canadian Landscape Charter 

(CSLA, 2015) serve as a reminder of the purpose and priorities of landscape 

architecture. They are:  

• Recognize landscapes as vital 

• Consider all people 

• Inspire stewardship 

• Expand knowledge 

• Show leadership 
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 This research aligns closely with the core principles of the Canadian Landscape 

Charter. It demonstrates, in a tangible way, the role that urban landscapes can play in 

meeting vital human needs for food, and in protecting vital natural resources that 

humans depend on, like soil, water and biodiversity. The normative landscape scenario 

proposed in this research would have dramatic impacts on urban form, including an 

increase in dense and woody vegetation, a potential increase in “untidy” vegetation, an 

increase in domesticated animals in urban and residential areas, and an increase in UA 

related urban infrastructure, like compost or food storage facilities. Landscape architects 

would have an important role to play in ensuring the vitality and functionality of a food 

secure city, by creating designs at the site scale that are both functional and meet 

societal needs and values.  

 This research makes an important contribution to the conversation about how 

urban landscapes can be designed to meet the needs of all urban residents, as it 

explores how design for enhanced urban food security can work in concert with nature 

for the mutual benefit of people and nature. It complements the work done by 

researchers like Allen (2015), who looks at how urban agriculture can be distributed in 

the urban mosaic to facilitate just and equitable access for all urban residents to land for 

food production. This thesis research also has the potential to inspire stewardship, as it 

demonstrates a novel approach to landscape planning for urban agriculture; one that 

reconciles human priorities for food production with ecological integrity objectives.   

 This research expands knowledge by shedding light on opportunities and 

constraints for achieving urban food security and ecological integrity. Nassauer and 
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Opdam (2008) argue that landscape design informed by multi-disciplinary perspectives 

enhances the quality and prominence of scientific knowledge in landscape ecology. This 

research makes a contribution to knowledge in the aligned fields of landscape ecology 

and landscape architecture by employing and evaluating a landscape pattern design 

informed by landscape suitability analysis, urban ecology and landscape ecology.  

 Lovell (2010) argues that integrative planning for UA can form part of strategic 

and sustainable urban planning and design, and calls for investigation using of GIS-

based mapping and suitability analyses to identify appropriate areas for UA, and to 

evaluate factors like market connections and resources, transport, and waste disposal 

options. This research takes the first step called for by Lovell (2010), of using GIS and 

suitability analyses to identify appropriate areas for UA. It also goes further by using GIS 

and suitability analyses to characterize the nuances of the urban landscape and 

propose a suite of UA typologies to fit the landscape and achieve production and 

ecological objectives. The normative landscape scenario created additionally provides a 

basis to conduct further research on market connections, transport, waste disposal 

opportunities, and more. Lovell (2010) also calls for the creation of land-use models that 

allow for the evaluation of future landscape alternatives, arguing that this approach can 

“inspire and inform decision makers of the opportunities and impacts of different 

alternatives” (Lovell, 2010, p. 2514). This research did just that – create a future 

landscape alternative – thereby contributing to an important body of work from which 

planners, designers and decision makers can draw on for information and inspiration to 

guide the planning of productive and ecological cities. 



125 

 

 

 The last core principle of the Canadian Landscape Charter is show leadership 

(CSLA, 2015). It is hoped that this research shows leadership by serving as a call to 

action. Landscape architects have an important role to play in guiding the planning, 

design and management of landscapes to provide for human needs and societal values 

while stewarding the landscapes, natural resources and ecosystem functions that living 

beings depend on. This research is intended to challenge the status quo and to 

stimulate the imagination by demonstrating a novel approach to urban planning, and by 

putting forward a bold alternative future landscape scenario. 
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6 Conclusion 

 This thesis was conceived from a desire to understand what a food secure and 

ecological city would look like, and how it might function. The practical question at the 

heart of this thesis was: If cities wanted to grow as much food as possible in an urban 

area, for a balanced diet including grains, pulses, fruits, vegetables and protein foods, 

and if they wanted to do so in as environmentally and ecologically sensitive a way 

possible, where and how would they do it? 

 This research looked to knowledge within the fields of urban agriculture, urban 

ecology, landscape ecology and landscape architecture for theory and principles that 

could help address the practical question. Spatial patterns of land use and land use 

suitability for urban agricultural activities were identified as key factors that could 

influence the form and function of a food secure, ecological city. Land use patterns and 

suitability are also core competencies for landscape architects. 

 These key factors led to the research question: What landscape pattern of urban 

food production systems will increase food security while optimizing ecological 

integrity?, and to the research design: the creation of a normative landscape scenario 

by applying a landscape ecology lens to landscape suitability analysis, to determine the 

optimal distribution of fitting agricultural typologies across the urban landscape, using 

the City of Ottawa as a case study. 

 This research identified 89.80 km2 of land in Ottawa’s urban core with potential 

for ground-based, open-air urban agriculture, representing an estimated 85 times more 

land than is currently used for urban agriculture in the same area. The 89.80 km2 of 



127 

 

 

potentially available land was inventoried, analysed, and ultimately categorized into 12 

landscape units representing areas of shared biophysical and sociocultural 

characteristics. The suitability of each of these landscape units was assessed for a suite 

of agricultural practices and product categories, which guided the development of a 

unique urban food production typology to fit each landscape unit. The optimal 

distribution of the urban food production typologies across the available land was 

assessed using a capability and suitability analysis, and it was determined that each 

urban food production typology would be distributed across the landscape unit it had 

been developed for.  

 The food production typologies and their distribution across the urban landscape 

revealed interesting patterns. Significant tracts of land were assigned food production 

typologies that mimic the structure and function of natural lands (40.3% of available land 

in the study site), and food production typologies that are tree-based (60.0% of the 

available land in the study site). Very little space was dedicated to food production 

typologies that resemble conventional agriculture (6.6% of available land in the study 

site). The dominant food production typology by land area (19.91 km2 or 22.2% of 

available land in the study site) relied on shade-tolerant edibles and small-scale 

livestock to make productive use of parcels of primarily residential urban land. 

 These findings have important implications for urban form, lifestyles, diets, food 

security and ecology. For urban form, the normative landscape scenario would see 

more land dedicated to food production and associated infrastructure, with implications 

for factors such as urban circulation routes, visual character and microclimates. Lifestyle 
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implications of the proposed design include increased access to local food and living in 

closer proximity to livestock. Urban diets could be expected to include more tree fruits 

and nuts as caloric staples, and the adoption of new practices for storing, processing 

and preparing food. The normative landscape design increases the city’s self-sufficiency 

in food production, therefore increasing one measure of urban food security. For urban 

ecology, the normative landscape scenario implies greater landscape connectivity for 

plant, fungi and animal species, enhanced buffering of urban natural lands, and 

augmented ecological services, such as stormwater retention and erosion control. 

 This thesis represents a novel approach to planning for urban food security and 

demonstrates a nuanced response to the high levels of landscape diversity found in a 

city. This research was limited in scope due to constraints on dataset availability, GIS-

proficiency, time and resources, but represents an important first step in context-

sensitive urban planning to reconcile human needs and preferences with ecological 

goals. Future research could contribute to a more nuanced understanding of urban 

landscape pattern implications for guilds of priority species, such as pollinators or 

amphibians. Future research on optimal urban land use patterns could incorporate 

analysis of the interactions of society, politics and economics, in addition to the built 

structures and biophysical elements focused on in this research. Research results 

suggested that urban agricultural production on all available land would still be 

insufficient to meet urban dietary and caloric needs, which sheds light on the need for 

research that identifies key urban agricultural strategies to optimize production for 

dietary needs, particularly with consideration to the surrounding landscape, political and 

economic context. 
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 This thesis is significant to students and practitioners of landscape architecture 

for three main reasons. It demonstrates a novel approach to urban landscape planning 

that reconciles human needs and desires with ecological priorities, and may serve to 

inspire future and current landscape architects to adopt ecology-informed landscape 

suitability analysis into their practice. This research sheds light on strategies for and 

implications of expanding ecologically sensitive urban agriculture in cities, thus serving 

as a source of knowledge to guide landscape architects, planners and decision makers 

who wish to do the same. Finally, this thesis serves as a reminder that landscape 

architects have an important role to play in addressing many of the greatest challenges 

of the 21st century, and that it behooves landscape architects to employ evidence-

based, context-responsive landscape design to meet societal needs while stewarding 

the natural resources, ecological processes, and landscapes upon which life depends. 
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 APPENDICES  

Appendix A – City of Ottawa Natural Lands Map and Definitions 

(City of Ottawa, 2006a) 

 

Figure 6.6.1 Natural Lands Map 
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Appendix B – Five Most Common Street Trees in Ottawa  

 

Table 6.0.1 Average Height and Width of Ottawa's Most Common Street Trees 

Five most common street 
trees in Ottawa (Urban 
Forest Innovations Inc., 
Beacon Environmental Ltd., 
& Kenny, 2017) 

Minimum Mature Height 
(m) (Morton Arboretum, 
2019) 

Minimum Mature Canopy 
Width (m) (Morton 
Arboretum, 2019) 

Acer platanoides 12.19 10.67 

Acer saccharum 18.29 12.19 

Gleditsia tricanthos 9.14 9.14 

Acer rubrum 12.19 10.67 

Tilia cordata 18.29 9.14 

Average: 14.02 10.36 
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Appendix C – City of Ottawa Least Cost Corridor Map 

(City of Ottawa, 2013a) 

 

 

Figure 6.2 Least Cost Corridor Map 
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Appendix D – Original 119 unique overlay combinations 

Table 6.0.2 Results of Raster Combine Overlay 

VALUE COUNT Natural 
Features 

Contamination 
Risk 

Wetlands Solar 
Access 

Slopes Drainage 

1 19572 Nat Feat NOCntm NO Sun High Poor 

2 20496 Nat Feat NOCntm NO Sun Med Poor 

3 60491 Nat Feat NOCntm NO Sun Low Poor 

4 12065 NO NOCntm NO Sun High Poor 

5 75520 NO NOCntm NO Sun Low Poor 

6 17653 NO NOCntm NO Sun Med Poor 

7 7927 Nat Feat NOCntm NO Shade High Poor 

8 7818 NO NOCntm NO Shade High Poor 

9 149527 NO NOCntm NO Shade Low Poor 

10 5880 NO MedRskCntm NO Sun Med Poor 

11 24296 NO NOCntm NO Shade Med Poor 

12 22116 NO MedRskCntm NO Sun Low Poor 

13 5796 NO MedRskCntm NO Shade Med Poor 

14 4022 Nat Feat NOCntm NO Sun High Good 

15 27163 NO MedRskCntm NO Shade Low Poor 

16 11236 Nat Feat NOCntm NO Shade Med Poor 

17 39676 Nat Feat NOCntm NO Shade Low Poor 

18 6218 Nat Feat NOCntm NO Sun Med Good 

19 64561 Nat Feat NOCntm NO Sun Low Good 

20 22128 Nat Feat NOCntm NO Shade Low Good 

21 3524 Nat Feat NOCntm NO Shade Med Good 

22 7921 NO NOCntm NO Shade Med Good 

23 52097 NO NOCntm NO Shade Low Good 

24 2049 NO NOCntm NO Sun High Good 

25 2621 NO NOCntm NO Shade High Good 

26 1799 Nat Feat NOCntm NO Shade High Good 

27 31689 NO NOCntm NO Sun Low Good 

28 3333 NO NOCntm NO Sun Med Good 

29 7401 Nat Feat MedRskCntm NO Shade Low Poor 

30 4834 Nat Feat MedRskCntm NO Sun Med Poor 

31 18382 Nat Feat MedRskCntm NO Sun Low Poor 

32 456 Nat Feat NOCntm Wetland Sun Med Poor 

33 237 Nat Feat NOCntm Wetland Sun High Poor 

34 1480 Nat Feat NOCntm Wetland Sun Low Poor 

35 167 Nat Feat NOCntm Wetland Shade Low Poor 

36 28 Nat Feat MedRskCntm Wetland Shade Low Poor 

37 118 Nat Feat MedRskCntm Wetland Sun Low Poor 
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VALUE COUNT Natural 
Features 

Contamination 
Risk 

Wetlands Solar 
Access 

Slopes Drainage 

38 13629 NO HIGHRskCntm NO Sun Low Poor 

39 17241 NO HIGHRskCntm NO Shade Low Poor 

40 2560 NO MedRskCntm NO Shade High Poor 

41 1441 Nat Feat NOCntm Wetland Sun Low Good 

42 64 Nat Feat NOCntm Wetland Sun High Good 

43 187 Nat Feat NOCntm Wetland Sun Med Good 

44 413 Nat Feat MedRskCntm Wetland Sun Low Good 

45 5910 Nat Feat MedRskCntm NO Shade Low Good 

46 2608 NO HIGHRskCntm NO Shade Med Poor 

47 861 Nat Feat MedRskCntm NO Shade Med Good 

48 8195 Nat Feat HIGHRskCntm NO Sun Low Poor 

49 8250 Nat Feat HIGHRskCntm NO Shade Low Poor 

50 1169 NO HIGHRskCntm NO Shade High Poor 

51 885 Nat Feat HIGHRskCntm NO Sun Med Poor 

52 197 Nat Feat HIGHRskCntm NO Shade High Poor 

53 392 Nat Feat MedRskCntm NO Shade High Good 

54 672 Nat Feat HIGHRskCntm NO Shade Med Poor 

55 1128 NO HIGHRskCntm NO Sun High Poor 

56 4609 Nat Feat MedRskCntm NO Sun High Poor 

57 1228 Nat Feat MedRskCntm NO Shade High Poor 

58 1886 Nat Feat MedRskCntm NO Shade Med Poor 

59 4147 NO MedRskCntm NO Sun High Poor 

60 2761 NO HIGHRskCntm NO Sun Med Poor 

61 29 Nat Feat NOCntm Wetland Shade High Poor 

62 449 Nat Feat HIGHRskCntm NO Sun High Poor 

63 1769 NO MedRskCntm NO Shade Med Good 

64 10515 NO MedRskCntm NO Shade Low Good 

65 6736 NO MedRskCntm NO Sun Low Good 

66 1402 NO MedRskCntm NO Sun Med Good 

67 878 NO MedRskCntm NO Sun High Good 

68 57 Nat Feat NOCntm Wetland Shade Med Poor 

69 355 Nat Feat NOCntm Wetland Shade Low Good 

70 185 NO NOCntm Wetland Sun Low Poor 

71 34 NO MedRskCntm Wetland Sun Low Poor 

72 3 NO MedRskCntm Wetland Shade Low Poor 

73 16 NO NOCntm Wetland Shade Low Poor 

74 16 NO MedRskCntm Wetland Sun Med Poor 

75 34 NO NOCntm Wetland Sun Med Poor 

76 5 NO NOCntm Wetland Shade Med Poor 

77 84 NO NOCntm Wetland Shade Low Good 

78 116 NO NOCntm Wetland Sun Low Good 
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VALUE COUNT Natural 
Features 

Contamination 
Risk 

Wetlands Solar 
Access 

Slopes Drainage 

79 39 NO NOCntm Wetland Sun Med Good 

80 5 NO NOCntm Wetland Shade Med Good 

81 9502 Nat Feat MedRskCntm NO Sun Low Good 

82 998 Nat Feat MedRskCntm NO Sun High Good 

83 652 NO MedRskCntm NO Shade High Good 

84 39 Nat Feat NOCntm Wetland Shade Med Good 

85 11 NO NOCntm Wetland Sun High Good 

86 1536 Nat Feat MedRskCntm NO Sun Med Good 

87 1 NO MedRskCntm Wetland Sun High Poor 

88 63 Nat Feat MedRskCntm Wetland Sun Med Poor 

89 13 Nat Feat MedRskCntm Wetland Sun High Poor 

90 27 NO NOCntm Wetland Sun High Poor 

91 2095 NO HIGHRskCntm NO Sun Low Good 

92 231 NO HIGHRskCntm NO Sun High Good 

93 378 NO HIGHRskCntm NO Sun Med Good 

94 302 Nat Feat HIGHRskCntm NO Sun High Good 

95 501 Nat Feat HIGHRskCntm NO Sun Med Good 

96 403 NO HIGHRskCntm NO Shade Med Good 

97 279 NO HIGHRskCntm NO Shade High Good 

98 3216 Nat Feat HIGHRskCntm NO Sun Low Good 

99 3937 NO HIGHRskCntm NO Shade Low Good 

100 2078 Nat Feat HIGHRskCntm NO Shade Low Good 

101 22 Nat Feat HIGHRskCntm Wetland Sun Low Poor 

102 287 Nat Feat HIGHRskCntm NO Shade Med Good 

103 18 NO HIGHRskCntm Wetland Sun Low Poor 

104 7 Nat Feat HIGHRskCntm Wetland Sun Med Poor 

105 131 Nat Feat HIGHRskCntm NO Shade High Good 

106 2 NO HIGHRskCntm Wetland Sun Med Poor 

107 11 NO HIGHRskCntm Wetland Shade Low Poor 

108 9 Nat Feat HIGHRskCntm Wetland Shade Low Poor 

109 1 NO NOCntm Wetland Shade High Good 

110 21 Nat Feat NOCntm Wetland Shade High Good 

111 16 Nat Feat MedRskCntm Wetland Shade Med Poor 

112 2 NO NOCntm Wetland Shade High Poor 

113 15 Nat Feat MedRskCntm Wetland Sun Med Good 

114 7 Nat Feat MedRskCntm Wetland Sun High Good 

115 37 Nat Feat HIGHRskCntm Wetland Shade Low Good 

116 101 Nat Feat HIGHRskCntm Wetland Sun Low Good 

117 5 Nat Feat HIGHRskCntm Wetland Sun Med Good 

118 6 Nat Feat MedRskCntm Wetland Shade Med Good 

119 73 Nat Feat MedRskCntm Wetland Shade Low Good 
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Appendix E – Estimate of land currently dedicated to urban 
agriculture in the study site area 

Ottawa has an estimated 51 community gardens in the study area (Just Food, 2017). 
Areas were calculated from Google Maps measurements for a random sample of ten 
community gardens in the study area to estimate average community garden size, and 
total land area of community gardens. 

Table 6.0.3 Average Size of Study Site Community Gardens 

Garden Measurements (m) Area (m2) 

Overbrook 21 x 18 378 

Michele Heights 30 x 21 630 

Nepean Allotment 227 x 92 (right angle triangle) 

3480 (1/3 total area used to 
reduce skewing of average, this 
garden is substantially larger 
than all the others in the study 
area) 

Brewer Park 24 x 26  624 

Lisgar 15 x 16 240 

St. Laurent 12 x 5 60 

Ottawa East 24 x 40 960 

Vanier 15 x 21 315 

Nanny Goat Hill 99 x 35 297 

Carlington  24 x 24 576 

Total 7650 

Average (7650/10) 765 

Total Community Garden Area Estimate (765 m2 x 51 gardens) 38 559.40 

Ottawa has an estimated 30 school gardens (Allen, 2015). Assuming an average size of 
100 m2, the total area of school gardens is 3000 m2. 

CoDyre et al. (2015) estimated that 35% of residents have home gardens, with a 
median garden size of 12.55 m2. Assuming 35% of Ottawa residences have gardens of 
12.55 m2: 
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0.35 x 422 327 (Statistics Canada, 2016) x 0.55 (percentage of population that is urban) 
x 12.55 m2= 1 020 289 

Ottawa has an urban experimental farm, measuring ~ 1 182 500 m2 (measured from 
Google Maps) that is not currently used to grow food for human consumption. 

Table 6.4 Estimated Urban Agriculture Land in Study Site 

Urban Agriculture Type Land Area (m2) 

Community Gardens 38 559 

School Gardens 3000 

Household Gardens 1 020 289 

Central Experimental Farm 1 182 500 

Total  2 244 348 m2 / 2.24 km2 (with Experimental Farm) 

1 061 848 m2 / 1.06 km2 (without Experimental 
Farm 

 


